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Preface  

As part of the US. Army's ongoing program related to the research and development of red water 

treatment technologies, the U.S. Army Environmental Center (USAEC) contracted IT Corporation 

to prepare conceptual designs and plans for pilot-scale demonstrations of two treatment technologies: 

wet air oxidation (WAO) and circulating bed combustion (CBC). The project objectives also 

included development of a Test Plan and Health and Safety Plan for these demonstrations, and 

preparation of a Project Report. This Project Report is intended to summarize the conceptual 

designs, Test Plan, and Health and Safety Plan and to serve as a guide for activities when the next 

phase of this program (i.e., conducting the demonstrations) is implemented. 

Red water is not currently generated by the U.S. Army or any other part of the U.S. Department of 

Defense nor has it been generated in the recent past. An accurate and complete database does not 

exist in regard to the chemical and physical nature of red water. Due to this lack of waste 

characterization data, it was not possible to complete an accurate analysis of the associated testing 

and treatment requirements. Additionally, the source of red water for testing and the location where 

the tests will be conducted (i.e., the host facility) have not been identified. Therefore, waste- and site- 

specific concerns and requirements cannot be accurately or completely addressed at this time. As a 

result, this phase of the investigation included completion of plans and conceptual designs. 

Completion of system designs and finalization of test and safety plans must be completed in the future 

prior to initiation of the demonstration program. 

This Project Report outlines the current project status and identifies the steps which must be 

completed prior to conducting the demonstrations. These include: selecting a host facility, obtaining 

red water for the demonstrations, characterizing the red water, preparing final process and equipment 

designs, finalizing Health and Safety and Test Plans, and acquiring the test equipment. Because of 

the unique and largely undocumented nature of red water, once a source has been identified, a critical 

initial objective will be characterization of the physical and chemical nature of the waste and a review 

of the associated treatment requirements. 
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COMPANY NAME: IT Corporation PROJECT NO; 322243 
PROJECT NAME: USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.1 

1.0 Introduction 

The red water incineration conceptual design project was awarded to IT Corporation (IT) by 

the U.S. Army Environmental Center (USAEC), located in Aberdeen Proving Ground, 
Maryland. This project was awarded to IT's Cincinnati office and the design documents were 
prepared by IT's Knoxville office. 

Red water is the aqueous effluent generated during sellite purification of crude trinitrotoluene 

(TNT). Red water is a reactive hazardous waste, U.S. Environmental Protection Agency 
(EPA) Hazardous Waste number K047.  In a previous project, 30 technologies were evaluated 
for their effectiveness in treating red water. That project determined that wet air oxidation 
(WAO) and circulating bed combustors (CBC) merited further study. This document presents 
the conceptual design and the layout of a pilot CBC, along with a test plan and a safety plan. 

This CBC conceptual design is prepared as part of a task entitled "Red Water Treatment 

Technology Test Plan and Site Preparation" for the USAEC. The objectives of the task are to 

prepare test and safety plans, determine the best conceptual designs, and prepare layouts for 
pilot-scale CBC and WAO treatment systems.  Because of the uncertainty of the pilot-scale 
demonstration location, the units are designed to be transportable.  The conceptual design 
develops the CBC design to approximately the 10 percent stage; further process engineering 

and detailed design engineering are necessary prior to construction of the pilot-scale units. 

The purposes of this document are to: 

• Provide CBC process information in support of other project documents (e.g., 
Test Plan, Health and Safety Plan, and Project Report 

• Provide a conceptual-level design and cost estimate for a pilot-scale CBC unit. 

• Identify areas that should be investigated during subsequent design and pilot- 
scale testing activities. 

As previously indicated, other documents prepared for this task include a Test Plan, Health 

and Safety Plan, and Project Report; these documents are provided under separate cover. 

By: PO Introduction Area No.: 
Checked:  PA rrpcE AreaName: AllAreas 
Approved:  PA Knoxville, Tennessee 
Date: 02/06/95 Rev. No. (0) (1) Page:   1 of 3 



COMPANY NAME: IT Corporation PROJECT NO.-322243 
PROJECT NAME:  USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.1 

The pilot CBC presented herein is a transportable incineration system consisting of a 

combustion chamber, a hot cyclone, a loop-seal, a partial quench, a baghouse, an induced 

draft (I.D.) fan, and the stack. The CBC operating temperature of 1600°F is maintained by 

adding auxiliary fuel (natural gas) directly to the combustion chamber. The red water and the 

bed material are fed directly to the loop-seal. Ash and bed material are removed from the 

combustion chamber and cooled by the ash cooler conveyor. The design basis for the CBC, 

as directed by USAEC, is a thermal treatment capacity of 1.5 gallons per minute (gpm) of red 
water. 

This document contains the following major chapters: 

• 1.0 Introduction - Brief introduction to the project and contents. 

• 2.0  Waste Profile - Presents a description of red water including the assump- 
tions made about the waste profile during the design of the CBC. 

• 3.0 Waste Feed Chemistry and Selection of Circulating Media - 
Describes the chemical and physical considerations that were studied to deter- 
mine the optimum circulating media. 

• 4.0 Block Flow Diagram - Presents the CBC block flow diagram. 

• 5.0 Conceptual Design Basis - Presents the conceptual design basis for the 
red water incineration pilot plant. 

• 6.0 Process Description - Presents an overview of the combustion system 
and a description of each key system component. 

• 7.0 PFDs and P&IDs Package - Presents the process flow diagrams (PFD) 
and thepiping and instrumentation diagrams (P&ID) for the CBC. 

• 8.0 Equipment List - Presents a list of the key pieces of equipment. 

• 9.0 Equipment Specifications - Presents the specification sheets for each 
key CBC component 

• 10.0 General Arrangement Drawings - Presents the general arrangement 
plan and the shipping arrangement for the CBC. 

By: PO Introduction Area No.: 
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COMPANY NAME: IT Corporation 
PROJECT NAME: USAEC 
LOCATION: Aberdeen Proving Ground, Maryland 

PROJECT NO. 322243 
SPEC. NO.: 
WP: WP1585.1 

• 11.0 Electrical One-Line Drawings - Presents the electrical one-line 
drawings for the CBC. 

• 12.0 Mass and Energy Balance Outputs - Presents the results of mass and 
energy balances conducted for the normal, start-up, and hot idle operating 
scenarios. 

• 13.0 Pilot Plant Cost Estimate - Presents the estimated cost for the CBC 
pilot plant. 

• 14.0 Recommended Tests and Analyses - Presents a list of the recom- 
mend tests and analyses to be conducted during the pilot test. 

• 15.0 Operations and Safety Considerations - Presents the CBC opera- 
tions and safety considerations. 

• 16.0 Operations Manual - Presents a draft CBC operations manual. 

• 17.0 Performance Test Plan - Presents a draft performance test plan to test 
CBC's ability to meet regulatory and warranty performance requirements. 

• 18.0 Bench-Scale Testing - Presents the test plan and the results of a bench- 
scale CBC system testing for agglomeration tendencies while incinerating 
surrogate red water. 

• 19.0 HAZOP Analysis - A hazard and operability study was performed to 
assess potential failures in the circulating bed combustor and recommend 
additional safeguards to prevent or mitigate the consequences of these failures. 

By: PO 
Checked:  PA 
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COMPANY NAME: IT Corporation HIOJECT NO.- 322243 
PROJECT NAME:  USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP:  WP1585.2 

2.0 Waste Characterization 

Red water is the aqueous effluent generated during sellite purification of crude TNT. Red 
water has a deep red, or sometimes black color, and is a complex and somewhat variable 
mixture. Depending on the TNT production process and degree of water recycle used, red 
water generally contains 15 to 30 percent solids, has a pH of 7 to 9.7 and a specific gravity 
of 1.1. Roughly half of the solids are inorganic salts and the rest are nitrobodies. This 
information was gathered from a document titled "Review of Canadian industries limited's 
Boloeil facility as a candidate for a SRP pilot test" (RAAP, 1988). 

The CBC pilot plant is designed to process a maximum of 1.5 gpm of red water containing 
15 weight percent solids. The solids have a heat value of 3,200 British thermal units per 
pound (Btu/lb). 

The red water can contain up to 30 percent of solids. Typically, the solid content in the red 
water is 15 percent, and therefore, a solid content of 15 percent was selected as the basis. 
Even if the solid content in the red water is 30 percent occasionally, there may be concern 
regarding agglomeration tendencies. The agglomeration of solids is primarily a function of 
temperature and not the concentration. The increase in solid content will impact the bed 
material feed rate and ash discharge rate. The associated equipment is designed to handle 
additional capacities, if required. 

For waste characterization purposes, it is assumed that 45 percent of the solids are inorganic 
salts and the rest are nitrobodies (Table 2-1). The inorganic components are primarily sodium 
sulfites/sulfates and sodium nitrites. The nitrobodies are primarily sodium sulfonate of 2,4,5- 
TNT and TNT-sellite complex (Table 2-1). The information contained in Tables 2-1 and 2-2 
are gathered from the reference cited in the first paragraph of this chapter. 

Table 2-2 presents the elemental composition of the red water used in the mass and energy 
balance (M&EB) program. The overall heating value for the red water is 487 Btu/lb, which 
equates to a thermal release of 0.4 MMBtu/hr. 

By: PA Waste Characterization Area No.:   10 
Checked:  PO ITPCE Area Name:  Feed 
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3.0 Waste Feed Chemistry and Selection 
of Circulating Media 

3.1  Waste Feed Chemistry 

3.1.1 Introduction 
CBCs are noted for their high combustion efficiency.  This combustion efficiency is due to 

the turbulence of the combustion gas in the combustion chamber, the abrasive effect of the 

bed material, and the long solids residence time of typically more than 20 minutes (Brunner, 

1991). Because of the high combustion efficiency of CBCs, they typically operate at 1600°F, 

which is lower than the operating temperature of most other types of incinerators. 

One of the problems associated with the operation of CBCs is the formation of low melting 

point eutectic mixtures in the combustion chambers.  These mixtures lead to the agglo- 

meration of the bed into large agglomerates of crude glass. Agglomeration is caused when 

eutectic mixtures are formed in the combustion chamber with a melting point lower than the 

CBC operating temperature. When this happens, the CBC has to be shut down and the 

operators have to manually remove this material from the combustor; therefore, the high 

melting point bed material is desirable. Additional problems include oxides of nitrogen 

(NOx) and sulfur oxides (SOx) emissions. 

3.1.2 Waste Feed Composition 
The CBC proposed for this project is designed to bum red water. As indicated in Chapter 

2.0, red water comprises 15 to 30 percent solids, which contain about 45 percent inorganic 

salts. Tables 2-1 and 2-2 present the composition of red water. 

Sodium. In the oxidative environment of the CBC, the sodium in the sodium chloride 

(NaCl) present in the red water solids will combine with oxidized sulfur to form Na2S04 and 

with carbon dioxide to form NajCOg.  Pure Na2S04 has a melting point of 1623°F and pure 

NajCC^ has a melting point of 1569°F. A mixture of Na2S04 and N^CC^ has a melting 

point of 1522°F. Additionally, the chlorine in the red water may lead to the formation of 
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compounds with melting points as low as 1134°F. Table 3-1 presents a list of the compounds 

of concern and the melting points of their pure forms. 

The CBC bed material is typically sand (Si02). If present, Nad can react with the sand to 

form a viscous sodium-silicate (Na203Si02), which has a melting point of 1175°F: 

3Si02 + INaCl + H20 - Na20>3Si02 + 2HCI      (1) 

The sodium nitrite and sodium nitrate will oxidize into NOx and Na20. In the presence of 

moisture, the Na20 will form sodium hydroxide (NaOH), which has a melting point of 612°F. 

NaOH will contribute to the alJcalinity of the ash. 

If bed materials are silica-sand, or if there is Si02 in the red water, the Na^C^ present in red 

water will react with the silica to form Na2O3Si02, which is formed in liquation 1: 

Na2SOA + 3SiOz - Nap»3Si02 + S02 + 0.5O2      (2) 

The addition of lime, iron oxide, or aluminum to the bed will raise the melting point of the 

bed, as indicated below. 

Lime Addition. Lime (CaO) addition and Si02 will produce devitrite, which melts at 

1885°F. 

Na20'3Si02 + 3Si02 + 3CaO - NazO'3CaO»6SiOz      (3) 

In the absence of silica, calcium oxide reacts with sodium-silicate to produce a product that 

melts at 2343°F. 

Na20»3Si02 + CaO - Na20»2CaO'3SiO2      (4) 

Iron Oxide Addition. Iron oxide (Fe203) addition to sodium-süicate will produce acmite, 

which melts at 1751°F. However, for this reaction to occur the iron oxide and silica must be 

available in very fine particles. 
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Table 3-1 

Melting Point of Selected Inorganic Salts 

Compound 
Chemical 
Formula Melting Point (°F)a Remarks 

Sodium Na 208 

Sodium Nitrite NaN02 520 Decomposes at 
608°F 

Sodium Nitrate NaN03 586 Decomposes at 
716°F 

Sodium Hydroxide NaOH 612 

Sodium Chloride NaCI 1472 

Sodium Carbonate Na2C03 1569 

Sodium Sulfate Na2S04 1623 

Sodium Sulfite Na2S03 Decomposes 

Sodium Sulfide Na2S 1688 

a Source: Shackelford and Alexander, 1992. 

Table 3-2 

Melting Point of Mixture of Fluidized Bed Material and Inorganic Salts 

Compound Chemical Formula 
Melting Point 

(°F) 

Addition of Silica (Si02) Na20»3Si02 1175 

Addition of Iron Oxide (Fe203) 
Acmite Na20*Fe203*4Si02 1751 

Addition of Urne (CaO) 
Devitrite Na20»3CaO«6Si02 

Na20«2Ca0«3Si02 

1885 
2343 

Addition of Aluminum Oxide (Al203) 

Albite 
Nepheline 

Albite+Nepheline 

Na20»AI203'6Si02 

Na20«AI203»2Si02 

2026 
1600 
1954 
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Na20*3Si02 + Fe203 + Si02 - Na20'Fep3»4Si02      (5) 

Aluminum-Silicate Addition. Kaolin clay is a natural mixture of hydrous aluminum sili- 

cates, Si02/Al203, in a ratio of 2:1 to 3:1. 

No^0»3SiO2 + 3Si02 + Al203 - No2ChAl203»6Si02      (6) 

Aluminum-silicates react with sodium-silicate to form albite. Albite, a sodium-aluminum- 
silicate, has a melting point of 2026°F. In the absence of silica, aluminum-oxide reacts with 
sodium-süicate to form nepheline (Wall et al., 1975). 

Na20-3Si02 + Al203 - Nc^O'Aip^lS^ + Si02      (7) 

Albite and nepheline will form eutectic point at 1954°F. The advantage kaolin clay provides 
over other clays is its ability to react with NaCl directly to form nepheline. 

AipjiSDi + 2NaCl + H20 - 2HCI + Nap-Aip^lS^      (8) 

3.1.3 NOx Emissions 
There are several different sources of NOx formation in a combustion process, the burning of 
nitrogen containing organics and high temperature combustion in air being two major sources. 
The actual NOx emissions from burning nitrated materials is less than the theoretical potential 
of all NO components remaining as NOx, but the emissions are higher for processes in which 
the burning materials are well mixed with air or oxygen than when mixing is poor. By 
design, the CBC is a well mixed combustion process, so NOx emissions from NO components 
are expected to be relatively high. At 15 percent solids in red water (design case), if 100 

percent of the NO components in the red water organics remained as NOx, over 38 lb/hr of 
NOx emissions would result. 

NOx formation increases significantly at combustion temperatures in excess of 2400°F, but 

only about 0.38 lb/hr is expected to be formed at the relatively low temperature of operation 
in the CBC. Another source of NOx emissions from the processing of red water is the 

decomposition of the sodium nitrite and nitrate salts which account for over 12 percent of the 
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solids content in the red water. This decomposition could add over 10 lb/hr of NOx emis- 

sions. 

The emissions of NOx would be 170 tons per year (at 15 percent solids in red water) if 100 

percent of all the potential formation occurred.  This rate is below the 250 ton per year PSD 

limit for new sources, but the limit is site specific.  Typically 100 percent of theoretical 

formation of NOx does not occur. Pilot testing of a solid nitrogenated waste in a rotary kiln 

indicated that 6 to 12 percent of the nitrogenated group remained as NOx. The percentage 

decreased as the feed rate of solid waste was increased, which increased the depth of the 

solids bed and decreased the exposure of the solids to combustion air. The solids bed in a 

rotary kiln is not very well mixed with combustion air, so the NOx conversion is expected to 

be lower than in the CBC. 

Liquid testing with a mono-nitrated aromatic compound indicated that 13 to 33 percent of the 

nitrogenated bodies remained as NOx. The liquid was fired through an atomized nozzle, and 

the NOx emissions could be modified by the degree of atomization. The lower feed rates 

which were more highly atomized had the highest percentage retention or formation of NOx. 

During one test when the feed rate was held constant and the degree of atomization was 

increased, the NOx emissions increased by 25 percent. 

If the NOx emissions were 25 percent of maximum theoretical, the emissions would be 42.5 

tons per year, and the stack concentration would be 1,535 parts per million (ppm) on a dry 

basis. One of the goals of the pilot testing will be to evaluate the percentage of theoretical 

NOx emissions formed. The stack off-gases during the pilot testing will also have to be 

observed for the reddish-brown visual emissions of high concentrations of NOx. 

NOx emissions control options include: 

• Thermal deNOx systems 
• Catalytic reactor deNOx systems 
• DeNOx scrubbers. 
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Thermal deNOx systems inject urea solution or ammonia into the gas stream at 1600 to 

1800°F.  NOx emission reductions of up to 50 percent can be achieved by thermal deNOx 

systems. 

Catalytic reactor deNOx systems inject ammonia into a reactor located upstream of the I.D. 

fan. The ammonia converts the NOx into N2 and water. NOx emission reductions of up to 

80 percent can be achieved by catalytic reactor deNOx systems. 

DeNOx scrubbers convert NO into N02 in an oxidizing scrubber. The N02 is then converted 

to N2 in a reducing scrubber.  NOx emission reductions of up to 90 percent can be achieved 

by deNOx scrubbers. 

Thermal deNOx systems are relatively inexpensive compared to catalytic reactor deNOx 

systems and deNOx scrubbers.  All units can be retrofitted to the CBC if required. 

3.1.4 Sulfur Dioxide Emissions 
Based on the waste profile composition, sulfur dioxide (S02) will be generated from two 

sources.  The first source is the organic sulfur present in the nitrobodies; the second is from 

the reaction of sodium sulfate with sand.  (See Equation 2.) Estimated S02 emissions from 

the incineration of red water is 28.8 lb/hr, which equals 3,292 parts per million dry volume 

(ppmdv) in the stack gas. Maximum S02 emissions from the incineration of red water at 30 

percent solids is 58 lb/hr, which equals 6,584 ppmdv in the stack gas. 

To reduce S02 emissions, lime or limestone may be injected on top of the bed.  Lime con- 

sumption is expected to be approximately 25 lb/hr. Maximum lime consumption is 50 lb/hr, 

when processing red water at 30 percent solids.  S02 emissions and lime consumption 

calculations are included in this chapter. 

3.1.5 Hydrocarbon Emissions 
The emissions of total hydrocarbons (THC) or products of incomplete combustion (PIC) from 

an incineration process vary with the types of wastes being burned, as well as with the type 

of incineration system and the combustion parameters. The EPA "Guidance on PIC Controls 
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for Hazardous Waste Incinerators" (EPA/530-SW-90-040, April 1990) states that when CO 

emissions are less than 100 ppm, the PIC emissions will be low levels of concern relative to 

health risk. The combustion efficiency of the CBC should be such that the CO emissions will 

be well below 100 ppm. 

Methane and other light hydrocarbons are typical PICs.  The referenced guidance document 

lists commonly detected carcinogenic and noncarcinogenic PIC emissions, with  Cl and C2 

hydrocarbons being by far the largest quantities listed (9,600 and 17,000 nanograms per liter 

[ng/L], respectively). Other significant quantities of hydrocarbons listed include benzene 

(4,500 ng/L), chloroform (1,40 ng/L), methylene chloride (2,800 ng/L), formaldehyde (780 

ng/L), and toluene (550 ng/L). The guidance listing is a compilation of data from many 

different combustion processes. 

IT has evaluated PIC emissions from several different systems and trial burns. When 

operating a rotary kiln/secondary combustion chamber system at a relatively low temperature 

in the SCC of 1730°F, the only significant quantities of carcinogenic and noncarcinogenic 

PICs detected were benzene (71 ng/L), carbon tetrachloride (1.2 ng/L), chloroform (74 ng/L), 

chloromethane (170 ng/L), toluene (3.8 ng/L), bromoform (366 ng/L), and dibromochloro- 

methane (25 ng/L). Benzene, carbon tetrachloride, chloroform, and toluene were all two 

orders of magnitude less than the average levels cited in the guidance document. The source 

of PICs cannot always be defined. For instance, in the test cited, the chlorinated PICs were 

probably the result of feeding a chlorinated POHC as part of the test, but the source of the 

bromine that resulted in the brominated PICs has not been determined. 

As an indication of good combustion, the measurement of THC levels should be one of the 

goals of the CBC pilot testing. 

3.2 Bed Material Selection 
In a CBC, the auxiliary fuel and red water are burned in the bed material. Therefore, the 

properties of the bed material are critically important to the performance of the CBC. It is 

the chemical property of material (i.e., high melting point) that will prevent agglomeration, 

and not the concentration of the bed material. Therefore, bed material that forms a high 
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melting point eutectics is desirable in preventing agglomeration in the CBC. The following 

bed materials were considered for this application: 

Aluminum oxide (A1203) 
Ceramic material 
Dolomite [CaMg(C03)2] 
Gabbro 
Granite 
Kaolin clay (Al203»2Si02«2H20) 
Lime (CaO) 
Quartz (Si02) 
Silica sand (Si02) 
Zirconium (IV) oxide (Zr02) 
Mixtures of these materials. 

These materials were compared on the basis of: 

• Chemical properties 
• Physical properties 
• Price and availability. 

3.2.1 Chemical Properties 
As mentioned previously in Section 3.1, Waste Feed Chemistry, agglomeration is a major 

concern when operating a CBC. The proper bed material will not combine with one of the 

components of the red water to form a low melting point eutectic mixture. For example, 

Si02 will combine with the sodium in the red water to form eutectic materials (Table 3-2); 

however, the formation of the eutectic mixtures may be prevented with the addition of FejOj, 

CaO, or aluminum silicate.  These additives have to be continuously added in the correct 

proportions to the CBC when thermally treating red water. If the quantity of the Fe^, CaO, 

or aluminum silicate was not correct, if the additive was not evenly blended with the bed 

material, or if other chemicals combined with the additive before the additive reacted with the 

sodium silicate, agglomeration will occur, leading to CBC shutdown and maintenance. 

Therefore, for ease of operation, it was decided to initially consider bed materials that do not 

contain Si02.  However, if the evaluation indicated that the other materials were not suitable, 

then Si02-containing bed materials would be reconsidered. Therefore, gabbro, granite, kaolin 

clay (Al203*2Si02«2H20), quartz (Si02), and silica sand (Si02) were initially eliminated from 
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the list of possible bed materials. Additionally, dolomite and zirconium oxide were removed 

from consideration because dolomite typically contains Si02 and zirconium oxide is pur- 

chased as zircon sand, which is a mixture of zirconium oxide (typically less than 2 percent) 
and Si02. 

The following materials remain for further consideration: 

• A1203 

• Ceramic material 
• CaO. 

3.2.2 Physical Properties 
Agglomeration can be delayed or eliminated by maintaining good combustion circulation and 

by carefully selecting the bed materials.  A CBC with poor circulation will develop localized 

hot spots where agglomeration of the bed material will start. By maintaining the proper air 

flow rates and selecting a bed material with the proper physical properties, good circulation 

can be maintained and hot spots prevented. 

Consistent physical properties are required for CBC bed material.  Variations in physical 

properties, including particle size and resistance to breakage, can lead to unwanted operational 

changes. Consistent bed material properties and CBC operation is particularly important in 

the pilot-scale CBC. Red water from different sources may be tested in the CBC and, if the 

bed material varies from batch to batch, the results of the pilot tests may be obscured. 

Properly sized bed material will properly circulate in the CBC, with only small quantities of 

bed material escaping the combustion system through the cyclone.  If the size of the bed 

material particles is too large, the particles will not be entrained in the combustion gases, not 

be separated from the combustion gases in the cyclone, and not be returned through the loop- 

seal to the combustion chamber. This process can lead to localized hot spots and poor 

combustor performance. If the size of the particle is too small, the particles will be entrained 

in the combustion gases but will not be separated from the combustion gases by the cyclone. 

This result will increase the operational requirements of the gas cleaning system.  The 

optimum size of the bed particles is about 250 microns. 
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The abrasive action of the bed material and the combustion gases will continually degrade the 

bed material particles and reduce their size.  Friable particles wall degrade rapidly in this 

environment, resulting in increased paniculate loading to the gas cleaning system and frequent 

addition of material to the CBC to maintain the pressure drop across the bed. Therefore, the 

ability of the bed material to maintain particle size is important. 

CaO can be purchased in the desired particle size.  CaO is very friable, which will necessitate 

the continual addition of CaO to the bed and will increase the paniculate removal require- 

ments of the gas cleaning system. Therefore, CaO was eliminated from further consideration 

as the primary bed material. 

Ceramic materials are mixtures of aluminum, calcium, and magnesium. The composition of 

these mixtures can change from region to region and from batch to batch.  Depending on the 

chemical composition of the ceramic material such as CaO and Fe203, it is possible that some 

of the sticky sodium compounds such as Na2S04, Na-jSC^-NaCl mixture, and N^O'SK^ 

will form. Therefore, ceramic materials were eliminated from further consideration. 

The only material remaining for further consideration is Al^Oj. Per Section 3.1, aluminum 

oxide will form a high melting point mixture with inorganic solids present in red water. It is 

this superior quality along with its heat transfer characteristics that distinguishes it from other 

candidates. 

3.2.3 Price and Availability 
To prevent a buildup of sodium and eutectic mixtures with a low melting point in the bed, 

bed material will be continuously added to the CBC, and ash and bed material continuously 

removed from the combustion chamber by the ash cooler conveyor. Initially, a feed rate of 

1.5 times the molar quantity of sodium in the waste feed is recommended, with optimization 

of the feed rate during CBC operation (Dorr-Oliver, 1994). The recommended initial A1203 

feed rate is 43.5 lb/hr.  Calculations are included in this section. 
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A1203 is widely available and costs approximately $790 per ton. With a recommended A1203 

feed rate (after start-up) of less than 50 lb/hr, A1203 is an economically acceptable bed 

material. 

3.2.4 Selected Bed Material 
Based on chemical, physical, and price considerations, A1203 is the selected bed material. 

A1203 is available in the desired particle size, about 250 microns. A1203 will slowly decrease 

in size, resulting in a long bed life. 

Agglomeration is not expected when using A^Og as the bed material. In the presence of 

sodium, A^Oj forms sodium-aluminum silicates that have melting points in the 1600 to 

2025°F temperature range. These melting points are hot enough to prevent agglomeration 

during the combustion of red water, provided the CBC is operated in the 1500 to 1600°F- 

temperature range.  However, to prevent a buildup of eutectic materials in the bed, the 

continuous addition of bed material to the CBC and the continuous removal of ash and bed 

material from the combustion chamber, is recommended (Mullen, 1988; Zakkey et al., 1984; 

Goblirsch et al., 1983). 

A1203 meets the chemical, physical, and cost requirements for bed materials when burning 

red water; therefore, A1203 is the recommended bed material. 
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4.0 Block Flow Diagram 

The block flow diagram (Drawing D-00-00-001) presented in this chapter is a conceptual 
representation of the incineration system.  A schematic (Drawing D-00-00-002) of the 
incineration system is also presented.   The system consists of a CBC, the combustion 
chamber, hot cyclone, loop-seal, and an air pollution control system (APCS), which includes 

partial quench, baghouse, I.D. fan, and a stack. 

Red water is incinerated in the combustion chamber. The hot cyclone separates the hot gases 

from the bed material. The bed material is recycled to the combustion chamber via the loop- 
seal.  The 1600°F combustion gas is cooled to approximately 450°F by spraying water into 
the incoming hot gas. The partially cooled gas at 450°F then enters the baghouse for 
paniculate removal. The I.D. fan then exhausts the cleaned gases to the atmosphere through 

the stack. 
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5.0 Conceptual Design Basis 

Table 5-1 presents the conceptual design basis for the TNT red water incineration pilot plant. 
This table includes the gas flow rate, temperature, and gas composition exiting each of the 
major pieces of equipment in the system. These parameters are presented for the cyclone exit 
gas, partial quench exit gas, baghouse exit gas, and stack exit gas. The information presented 
is for the normal operational case and for the start-up case. The design gas flow and 

temperature in this table are used for sizing each piece of the major equipment in the system. 

The gas flow rate, temperature, and gas composition information presented in Table 5-1 are 
gathered from the M&EB outputs for the normal case and start-up case included in Chapter 
12.0. The PFDs and P&DDs presented in Chapter 7.0 provide more detailed information on 

design basis. 
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6.0 Process Description 

6.1 General Process Overview 
The CBC is responsible for the thermal destruction of wastes fed from the waste receiving, 

storage, and handling areas. Red water is pumped from a waste storage area (by others) to 

the CBC where it is volatilized and oxidized. The resulting off-gases, which include 

circulating media comprising aluminum oxide and limestone, enter a hot cyclone (to recover 

the circulating media from the gases) before they are sent to the APCS. The circulating 

media is then returned to the bottom of the CBC through a loop-seal that connects the bottom 

of the cyclone to the CBC bed. The ash from the CBC bed is continuously purged through 

the ash cooler conveyor and dropped into an ash bin. The gases from the cyclone pass 

through a partial quench for cooling in preparation for particulate removal in a baghouse. 

The baghouse removes more than 99 percent of the particulate entrained in the gas. The gas 

then enters an IX). fan and exits through a stack. 

The CBC is designed to process 1.5 gpm of red water (heating value, 487 British thermal 

units per pound [Btu/lb]) with a heat release of 0.4 MMBtu/hr. The total thermal input (due 

to red water and auxiliary fuel) to the system is 4.5 MMBtu/hr, which equates to a gas 

velocity of 20 feet per second (feet/sec) through the combustion chamber and an overall gas 

residence time of 2.2 seconds in the combustion system. 

The following sections describe the feed system, combustion system, ash handling system, 

and air pollution control system. The discussion reference equipment is presented in Chapters 

7.0 and 8.0. 

6.2 Feed System 
The CBC unit has three separate feed streams:  limestone, AI2O3, and red water. These 

streams are shown in Drawing D-00-10-001 in Chapter 7.0. 

6.2.1 Limestone 
The limestone, in the form of granules and chunks, is fed into the CBC above the main mass 

of the circulating bed.  The bags of limestone are elevated to the feed platform by a rail 
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mounted hoist (H-2006). The bags are broken with a bag breaker (H-2007) allowing the 

limestone to flow into the limestone feed hopper (H-2002). The limestone is meteied out of 

the hopper and into the CBC via a variable speed screw conveyor (H-2003). 

The flow of limestone to the CBC is manually controlled. The rate of limestone can be 
increased or decreased by adjusting the local speed controller SC-201 on screw conveyor H- 

2003. Before being installed, the limestone screw conveyor should be calibrated (using 

limestone) to determine the limestone flow rate versus the speed controller setting. This will 

allow the operator to estimate the limestone usage rate during operation of the CBC. 

The limestone usage rate will be determined by feeding red water to the CBC and measuring 
S02 and HC1 emissions in the flue gas. Limestone can then be added to the CBC bed to 
achieve the desired acid gas concentrations. This will accomplish two things; 1) it will define 
the correct limestone addition rate as a function of the red water feed rate, and 2) determine 

the efficiency and utilization of limestone for scrubbing acid gases in a CBC combustor. 

Both of these data points will be important for future system scale-up design. Note that the 

ratio of limestone versus red water feed rate is an approximation and is specific to the red 
water fed during acid gases testing. Changes in the red water composition may require 
increasing or decreasing the limestone feed rate. 

6.2.2 Aluminum Oxide (A^Og) 
The A1203 consists of particles with a diameter of approximately 0.03 inch. The bags of 
A1203 are elevated by the hoist (H-2006) to the loop-seal platform. The bags are manually 

removed from the hoist and broken on the bag breaker (H-2008). The A1203 then flows into 
the feed hopper (H-2004). The A^Oj feed screw conveyor (H-2005) is a variable speed type 
which transfers the A^C^ from the hopper into the loop-seal. This loop-seal feed location is 

directly beneath the cyclone cone discharge. 

The flow of A1203 to the CBC is manually controlled. The rate of A1203 can be increased or 
decreased by adjusting the local speed controller SC-202 on screw conveyor H-2005. As 

discussed above for the limestone screw conveyor, the A1203 screw conveyor should be 
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calibrated (using A1203) to determine the A1203 flow rate versus the speed controller setting. 
This will allow the operator to estimate me A1203 usage rate during operation of the CBC. 

A differential pressure of 20 to 45 inches water column (in. w.c.) will be maintained across 

the bed. This pressure drop is an indication of the amount of bed material inside the CBC. 
The pressure drop across the chamber is measured by the pressure differential indicating 

transmitter PDIT-206 and is indicated by PDI-206. 

The differential pressure across the circulating bed is controlled by both adding A1203 and 
withdrawing the bed material through the ash system. As salts build up in the CBC, the bed 
material must be taken out to keep the salt concentration at minimum level. The rate at 
which bed material is withdrawn will depend on the red water composition and operating 

experience. As the bed material is taken out, A1203 is added to the CBC until the desired 
differential pressure across the circulating bed is reached. The operator should also view the 
ckculating behavior of the bed material through the sight ports. Again, through operating 
experience with the red water, salts buildup, and visual bed inspections, the operator will 

determine the proper A1203 feed rate to maintain the CBC differential pressure. 

6.2.3 Red Water 
The red water feed is fed into the loop-seal through a nozzle which is mounted on the A1203 

inlet feed line from feed screw conveyor H-2005 to the loop-seal. The red water mixes with 
the aluminum oxide and then enters the loop-seal coming into contact with the circulating bed 

material. 

All of the waste feed permissive interlocks must be satisfied before the red water block valve 
YV-205 can be opened. The flow of red water is measured by the flow meter and transmitter 

FE/FTT-205. Flow controller FIC-205 modulates the red water flow valve FV-205 to reach 

the desired flow rate. 

When the CBC is ready to accept red water, the oxygen concentration at the stack is typically 

10 to 12 percent, dry volume.  This is due to the high rate of secondary air to the CBC in 
order to maintain the desired CBC off-gas flow rate (or velocity) for bed circulation. When 
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the red water is added to the CBC, the natural gas firing rate will increase thereby increasing 
CBC off-gas flow rate. In response to the increased CBC off-gas flow rate, the secondary air 

flow rate will decrease in order to maintain the desired, fixed CBC off-gas flow rate. 

Lowering the secondary air rate also lowers the stack oxygen concentration. In effect, 

increasing the red water feed rate will decrease the stack oxygen concentration. Therefore, 
the flow of red water to the CBC can be increased until the design red water rate is reached 
pr the stack oxygen concentration decreases to about 6 percent, which ever comes first. 

6.3 Combustion System 
The combustion system comprises five regions: the wind box/distributor assembly, com- 
bustion chamber, bed, hot cyclone, and loop-seal. The system functions are described in the 

following sections. 

6.3.1  Wind Box/Distributor Assembly 
Located in the lower portion of the CBC, the wind box is made of refractory-lined carbon 
steel. The wind box receives combustion and circulating (secondary) air from the combustion 
air blower (B-2001). Under normal operating conditions, air at ambient temperature is blown 
into the wind box to serve as combustion air and circulating air. Under start-up conditions, 
the air is heated by the start-up burner (G-2001). The start-up burner is a 5 MMBtuAu* 
Vortex burner, which is located in the wind box. The primary combustion air is supplied at 
the burner and the secondary air enters the burner housing. The system will be heated by the 
start-up burner off-gases during start-up and hot idle. During start-up, the system is slowly 
heated to 1300°F. When the system attains 1300°F, the system slowly transfers to the 

primary fuel for normal operation. When there is no waste feed, the CBC system is placed 

on hot idle at 600°F to prevent the system from completely cooling down. 

At the top of the wind box, a Hastelloy distributor plate with tuyeres is used to equalize air 

flow up through the bed region. During normal operation natural gas will bleed through 

tuyeres to combust and maintain temperature. The natural gas flow will begin flowing to the 

tuyeres after the start-up burner has brought the system up to 1300°F. At this temperature, 

the fuel will spontaneously combust when it enters the bottom of the combustion chamber. 

The fuel flow to the tuyeres is controlled as a function of the CBC the temperature. 
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6.3.2 Combustion Chamber 
The combustion chamber located just above the distributor plate is a vertical cylindrical 

chamber made of refractory-lined carbon steel. The chamber has a 28-inch inside diameter 

and a 40.5-inch outside diameter. The carbon steel shell is 0.25 inch thick and is lined with 6 

inches of castable refractory. The chamber has a height of 34 feet from the distributor plate 

to the top of the combustor and 4 feet from the distributor plate to the bottom of the wind 

box. 

Turbulence, adequate residence time, and oxygen concentration in the gas at the required 
incineration temperature are essential for complete destruction of the nitrobodies. The gas 
velocity through the CBC unit is maintained at 20 feet/sec, which provides more than 
adequate turbulence. An approximate gas residence time of 2.2 seconds is maintained in the 
combustion module, which includes 1.7 seconds in the upper section of the CBC unit, 0.1 
second in the duct between the CBC and the cyclone, 0.3 second in the cyclone, and 0.1 

second in the duct between the cyclone and the partial quench. The combustion chamber 
temperature is maintained at approximately 1600°F, which is adequate for the destruction of 
the nitrobodies or any other organic compounds based on IT's experience. The cyclone exit 
off-gas contains about 6 percent oxygen (by volume), which is needed to achieve the required 

destruction. An oxygen content of 6 percent can be maintained based on IT's experience in 

operating CBCs. 

6.3.3 Bed 
Located above the wind box assembly, the bed comprises circulating media, which act as a 
large thermal flywheel for efficient heat transfer to the high moisture red water waste streams. 

Normal operating temperature in the CBC is 1600°F. The red water is pumped into the loop- 
seal, which returns bed media from the bottom of the cyclone to the bottom of the CBC. 

The circulating bed consists of 64 percent A1203 and 36 percent limestone. The A1203 will 

be used to prevent agglomeration that could be caused by the high levels of sodium in the red 
water feed (Chapter 3.0). The limestone will be used to neutralize HC1 and S02 in the 

combustion gas. 
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6.3.4 Hot Cyclone 
The CBC off-gas will enter the hot cyclone (F-2002). The cyclone is made of refractory- 

lined carbon steel with a Hastelloy Vortex finder. The shell is 0.25 inch thick with 6 inches 

of castable refractory, with an outside diameter of 38 inches and a length of 120 inches.  The 

cyclone is designed to remove the circulating media that have been carried over from the 

CBC by use of centrifugal forces to separate the heavier particles from the off-gas.  The 

separated particles then flow out of the bottom of the cyclone, into the loop seal, and then 

back into the CBC bed. 

6.3.5 Loop-Seal 
The circulating media removed from the combustion off-gas are returned to the bed through a 

loop-seal. The loop-seal is a refractory-lined carbon steel duct that connects from the bottom 

of the cyclone cone to the CBC. The loop-seal has a 3-inch inside diameter and a 15-inch 

outside diameter. The make-up circulating media (aluminum oxide) are added to the loop- 

seal through a screw conveyor (H-2005), which are fed by a hopper (H-2004). Purge air is 

injected into the loop-seal by the purge air blower (B-2002) and maintains the circulating 

media in a fluidized state. The red water waste feed is injected into the circulating media 

inlet line. 

6.3.6 Combustion System Process Control Description 
During the start-up of the CBC, the start-up burner slowly heats the system to ensure even 

refractory heatup.  During this start-up, the temperature is measured by thermocouples 

TE-207A and TE-207B in the wind box. This temperature is controlled by temperature 

indicating controller TIC-207 which sets the fuel flow rate to the start-up burner by cascading 

the temperature requirement to the fuel flow indicating controller FIC-209. FIC-209 

modulates the fuel valve FV-209 until the flow demand is satisfied. 

Primary combustion air is supplied to the start-up burner for stoichiometric combustion of any 

fuel fired. The primary combustion air is controlled by the ratio controller FHC-204 which 

receives a set point from the fuel flow indicating transmitter (FTT-209). FFIC-204 adjusts the 

primary air flow valve (FV-204) according to the set ratio. 
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The normal operating temperature in the CBC is measured by thermocouples TE-206A and 
206B. This temperature is controlled by a temperature indicating controller (TIC-206). TIC- 

206 sets the fuel flow to the tuyeres by cascading the temperature requirement to the fuel 

flow indicating controller FIC-219. FIC-219 modulates flow valve FV-219 until the flow 

demand is achieved. 

Maintaining the CBC off-gas flow rate to obtain a velocity between 15 to 20 ft/sec is required 

in order to continuously circulate the bed material. The CBC off-gas flow rate (or velocity) 

is maintained by adjusting the flow of secondary air to the CBC. The CBC calculated off-gas 
flow rate is indicated by flow indicating controller FIC-201. FTC-201 modulates the second- 

ary air flow valve FV-201 until the desired CBC off-gas flow is obtained. 

The CBC vacuum is maintained by modulating the I.D. Fan inlet vane damper PV-501. The 
CBC vacuum is measured by pressure transmitter PIT-210 and is located on the loop seal. 
The pressure indicating controller PIC-210 varies the position of PV-501 in order to maintain 

the desired vacuum set point. 

6.4 Ash Handling 
The ash and the circulating media are continuously removed by the ash cooler conveyor 
(H-2001). The ash cooler conveyor is a variable speed, water-jacketed screw conveyor made 
of carbon steel, with a 5-horsepower (hp) drive motor. The ash cooler conveyor extracts the 
ash/circulating media from the bottom portion of the bed. The ash/circulating media are 
transferred through the screw conveyor, where it is cooled to about 600°F and then dropped 
into the ash bin (T-2001). The ash/used circulating media are transferred from the bin to 

storage or disposal. 

The ash cooler conveyor will be controlled manually. Based on operating experience in other 

CBCs, the flow rate is adjusted based on maintaining 2 percent salt in the bed. 

6.5 Air Pollution Control System 
The APCS consists of a partial quench, baghouse, I.D. fan, and a stack. 
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6.5.1 Partial Quench. Incinerator off-gas from the CBC is routed to the partial quench 

spray chamber (T-5001) through a refractory-lined duct. The partial quench reduces the 

temperature from 1600°F to an operating temperature of 400°F (450°F maximum). The size 
of the carbon steel quench chamber is 40 inches outside diameter and 33 feet in length, with 

a 3-second gas residence time. The dry-bottom quench chamber is equipped with two 

atomizing nozzles for introducing cooling water. An airtight motor-driven rotary valve (H- 

5001) is used to discharge collected dust to the dust collection drum (T-5002A). The quench 

chamber is constructed of painted carbon steel. 

Quench temperature is measured by a thermocouple (TE-501) at the quench chamber outlet. 
This temperature is controlled by a temperature indicating controller (TIC-501) that sets the 
water flow to the quench chamber by controlling the flow valve (TV-501) in accordance with 

the water demand. The partial quench has two water sources with one for normal operation 

and the other for emergencies only. 

6.5.2 Baghouse 
Quenched off-gas will be routed from the quench chamber to the baghouse (S-5001). The 
four-module baghouse has dimensions of 13 by 17 feet with a 26-foot overall height 
(including supports). The baghouse has an air-to-cloth ratio of 3:1. It will have a bottom 
with sides sloped at a 60-degree horizontal angle and will be equipped with a vibrating 
bottom.  An airtight, motor-driven rotary valve (H-5002) will be used to discharge dust from 
the bag filter to the dust collection drum (T-5002B). The baghouse body will be constructed 
of 0.5-inch steel lined with 2 inches of insulation. An on-line pulse-jet type cleaning 
mechanism will be included in the bag filter to automatically remove collected dust from the 
bags.  The bags will be precoated with lime to prevent the bags from clogging and to react 

with any fugitive S02 or HC1 that may be in the quench off-gas. 

A key issue that should be considered during the process/detail engineering phase of this 

project is transportability.  One objective is that the entire unit be mobile/transportable; the 

proposed baghouse is based on a conventional design with relatively lengthy bags that make 
the unit taller. During the detail engineering phase, a shorter baghouse design should be 

considered for mobility. 
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Due to the high-pressure drop across the system, the I.D. fan is specified to produce 60 in. 

w.c. static pressure. The infiltration air through the rotary valves in each of the four modules 

could be significant. To minimize the infiltration air into the system, a solenoid-operated 

knife gate valve is installed upstream of the rotary valve(s). 

Pressure drop across the baghouse is measured by a pressure differential-indicating transmitter 

(PDIT-504). The differential pressure measurement is used to control the cycle initiation for 

the pulse-jet type cleaning mechanism. Configured from PDIT-504 is the pressure differential 

indicator (PDI-504) and high differential pressure switch PDSH-504. When the differential 
pressure exceeds the set point of PDSH-504, the bags are air pulsed for cleaning. 

6.5.3 Induced Draft Fan 
The prime mover of the CBC system is the I.D. fan (B-5001). The fan draws gas from the 
baghouse exit. The flow rate is set by an inlet vane damper (PV-501) in the duct before the 
I.D. fan. The inlet damper is an electrically actuated damper that is controlled to maintain the 

CBC pressure at a desired vacuum. The IX). fan is a centrifugal type blower with a capacity 

of 5,000 acfm and a static pressure of 60 in. w.c. 

6.5.4 Stack 
The I.D. fan discharges flue gas through the stack (Z-5001). The stack is 12 inches in 
diameter with a 62-foot height. The stack height of 62 feet is based on housing the entire 

system in a building 50 feet high. If the system is installed in an open area, the minimum 
stack height should be 45 feet. The stack is equipped with a continuous emission monitoring 

(CEM) system for oxygen (02) and CO. The NOx and SOx is measured during the perfor- 
mance testing. The CEM system includes alarm points in the control system for all of the 
above parameters. The stack is also equipped with nozzles and platforms necessary to allow 

sampling during the performance test. 
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7.0 PFDs & P&IDs (Revision A) Drawing Index 

Type Title Area Number Drawing Number 

PFD Incineration System 00 D-00-10-001 

P&ID Instrumentation Identification 00 D-00-11-001 

P&ID Control System Standards 00 D-00-11-002 

P&ID Control Loop Standards 00 D-00-11-003 

P&ID Equipment Identification 00 D-00-11-004 

P&ID CBC Burner System 20 D-20-11-001 

P&ID Circulating Bed Combustor 20 D-20-11-002 

P&ID APC System 50 D-50-11-001 
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BC OCFIHCD OUTSIDC A 
ARC: 

0 
02 

Si 
SMOKC 

-OISSOLVCO OUTCCN 
-CASCOUS OUTCCN 

-CASCOUS CHLORM 
-SMOKC 0CN9TT 
-SULPHUR DniDC 
-lURSOTT 

I   USE A f«Sl-lCTUR U rOR -MUllWARIABir M LtU Of A 
coMBMAiioN of nRsi-iCTTCRS is OPTIONAL n IS 
MCOMMVNMO THAI  MMSPCC»IC VAMABIC OCSIONAIORS SUCH 
AS U BC USCO SPARMCLT. 

i  iHC use Of MorjrtiNO TCRMS •HCM-, 'IO»", -Mt«r. OR 
-HlCRMCDtAir. AM) -SCAN"   8 OPTIONAL. 

I   TMC TCRM •SATCTV APPUCS to CMCRCCNCT PROICCTM 
PRMART CLCMCN1S AMD «MCRCCNCT PROTCCTW  TTNAL 
CONTROL  CUMCNTS ONLT    IMUS. A SCLf-ACTUATC0 VALVt 
IHAI PRCVCN1S 0PCRA1ON Of A fLUB STSUM M A MBHtR- 
tMAN-OCHRCO PRCSSURC " BLCCONCflUO fROM IMC 
STSUM IS A BACK-PRCSSURC-TTPC  PCV. evCNir IMf- VMVl 
IS NOI »ITCNOCO 10 M USCO NORMALIT. MpJJMR. THIS 
wLvt is ocsotAico AS A PSV r n is MICMDCO IO 
ÄOTCCI ISSl CMCRCCNCT CONOIONS II,CC*OrilONS THAI 
ARC HAZARDOUS TO PCRSONNCl AMD/OR COWPMCNI AND IHAI 
ARC NOI MPCCTCO TO ARM »ORMAUT. 

t   IHC PASSNC rUNCIION C APPUCS TO ""!^»»S" "5*f| 
IHAI PROVOC AN LMCALIBRAICO V«W. SUCH AS SICHT CLASSCS 
AMD TCICVISON MOMIORS 

10. -ROCAIC   MORMALIT APPUCS 10 IMC  RtAOOW-AMALOC OR 
BCrlAl-Or AN AClUAi  MCASURCMCN1    M IMC CASC OT A 
MANUAL LOADCR. II  MAT  BC  USCO rOR  IHC  OWL OR SCTIMS 
INDICATION. II.. rOR TMC VAIUC Of  TMC »RIIAIINC VARMBLC 

11. A PR.OT UCHT THAT S PART Of AN INSTRUMCNT LOOP SHOULD 
BC DCSENA1CD BT A flRST-LCTTCR rOUO»C0 BT TMC 
s^cSc-ieTii» i fOR «AMPic. » **oi i«»" «»•' 
MDCATUAH IIPKO IMC PCRIOO SHOULD BC IACCCO «01. 
Jn S 0CSRÄO 10 IAC A Piol UCH1 1MAI B NOI MR1 Of 
AN •rtlRLMtNl  LOOP   1« LICHI IS DCSOWICO M  IMC  SAMC 
■AT^ORWAMplr A «NM ÜCHI /OR AN «CtlBCIglOR 
MAT BC TACCCD Cl. ASSUMMC V011ACC 10 BC TMC APPROPRMTC 
MCASUMIrS&BLE. ORTTASSUM»« IMC C«RAT»*5 SIATUS 
SKSB MOMIÖRC0   TMC «NOASS»im VAR««LC« SHOULD 
BC  USCO ONLT TOR APPLICATIONS »MCM ARC 1>MTICD IN 
H1CN1. IHC OCSICNAIION XL SHOULD NOI BC t«£D FOR MOTOR 
RUHHMC LICHTS. AS THCSC ARC COMMIT «WMCROUS.  II IS 
PCRMTSSIBLC TO USC IHC USCRS CHOCC ICTICRS M.N OR 0 
rOR A MOTOR RUNMNC UCHT WHEN THE MLWJNC 6 
pxcvKwsiT ocriNeo. r»s USED, n MUST M; CLCAR THAT 
THC LCTTCR DOCS NOT S1AND fOR TMC »ORD   MOIOR-. BUT 
rOR A MOMTORCD STAIC. 

ij. usc of A sucacoiNc-icncR u rc«v-MUIIJ^UNCTION;JMSUAD 
Of A COMBMAIION Of  OIMCR rUNCIIONAL LCnCRS  B OPJONAL. 
IMS HONSPCCfC rUNCIION OCSICNAIOR SHOULD »C  USCO 
SPARMCLT. 

13   A DCVICt 1MA1 C0NNCC1S. OSCONMCCTS. OR IRANSrCRS ONCOR 
MORC  CIRCUITS MAT BC  CITHER A SWICM. A «CLAY. AN ON-OTI 
CONIROLLCR. OR A CONTROL VAIVC.  OCPCMDINC ON IMC 
APPIICAIION   

t IMC DEVICE MAMWUIAICS A IIWO PRO< 
NOT A SND-ACIUATCD ON-Ofl BLOC« V. 
AS A CONTROL VAIVC II IS INCORRECT IC 
SUCCCCOIMC-ICIICRS CV TOR ANTIHINC C 
icIUAlCD CONIROL VAIVC /OR All APWJ 
nuiO PROCCSS S1RCAMS IHC DCVICC IS 
rOLLDS 

A SWITCH.  *  a S ACTIVATCO BT HAND 
A SWICM OR AN oN-orr CONIROLIIB 
AUTOMATIC AMD B, IMC rtlSI SUCH Of 
LOOP. TMC URN -SWITCH- S ceNCRAL 
t THC OCVCC B USCD COR ALARM, c 
SCLCCTION. INTCRIOCK. OR SATCTY 

TMC TCRM -CONIROLlCR- IS CCMRALl 
THC DCV« IS USCO f OR NORMAL OPI 

A RCLAT. » I! 6 AUTOMATIC ANO B ► 
SUCH OCVICC M A LOOP, I C .ITS« 
ASWTCH OR AN ON-Orr CONTROLICF 

II S CXPCC1C0 THAI THC  rUNCllONS AS! 
Of SUCCCCDIMC-ICTTCR T «HI BC ocrw 
ON A BACRAM «MEN TURIHCR DCIINIIK* 
NCCCSSARY. IHS OCriNIIION MECONOT B 
rUNCION S SCir-CVOENI. AS TOR A SI 
riUD S1CNAI  IMC 

\. THC MODTTINC TCRMS -HCM- ANO "IO»- 
-MICRMCDWir CORRCSPOND 10 VALUCS 
VARIABIC. NOT 10 VALUES Of IHC SICWi 
NOTCO. fOR CKAMPLC, A MeM-lCVCl ALA 
A RCVCRSC-AC1MG LCVCL IRANSMinCR 5 
LAM. CVCN 1H0UCH IHC ALARM IS ACIU» 
TALIS 10 A ION VAIUC IMC TCRMS MM 
COMBMAIION AS APPROPRHIC 

I* TMC TCRMS -HCM- ANO -LOW »HeNAr-' 
VALUCS AND OTHER OPEN-CLOSE DEVICE 
rOLLOWS; -HKX- DCMOICS IHAI IHC VAl 
APPROACHMC IMC ruilY OPCN P0SI1ION 
THAT IT  IS M OR APPROACH»« THE  rill 

IT. Ire woRO -RCCORO- «mnto«[i 
STORACC Or MTORMATION THAT PCRMITS 
MEANS 

rOR USE Of THE TERM "IRAIBMITTCR; V 
SCC DETWniONS M SeCION 3 Of REFEI 

fUSI-LCTTCR V. -VHRA1I0N OR MCCMAM 
MTENOED TO PCRTORU THC DUTIES M » 
THAT THC LCTTCR A PCRTORMS IN MORE 
OCCPT TOR VIBRATION. TT IS CKPCCTEO 
Of MTCRES1 WILL BE DEFINED OUTSIDE 

riRST-irncR Y S MTCNDCD FOR USE 
MDMTORINC RESPONSES ARC CVEMT-DRr 
IMC OR IMC SCHCDUIC-DRIVEN THC I 
POSITION.  CAN ALSO SIGNIfY  PRESENCE 

MOOtmNC-icncR K. M COMBINATION « 
SUCH AS I. T. OR ■. SICMflES A IM! 
THC MCASURC0 0« MTIA1MC VAR»eiE_ 
FOR MSIANCE. MAT RCPRESEMT A «Alt 
CONTROLLER 

'.TV I 
NOTES 

,   THE PURPOSE or ins SHcei is 10 PRCSENT ABAM: oerMmoN, of IHC *«""««>"* •«"«»«•" 
OENIUCAIION   IMIS SMEEI SHOULD PROVOC  SUTrMNT  »"RMAION » »IO« JMOSI USCRS IO 
UNDERSIAND THE   MSIRUMENI RIPRCSCN1AII0N USCD ON IMC  ASSOdAIED P *   OS 



dt 
10 I 

™W 

USER-S CHOICE (i) 

w I7.'*.") 

to» (7.15.1t) ~ 
MOOLC.  tflERMEOIATE  ('7BT 

USERS CHOCE (1) 

cow ROLLERS 

RECORDING     MOCAItNG      BLIND 

SELf- 
ACTUA1ED 
C0N1R0L 
VALVES 

rnc 
rose 
rmc 

rc 
roc 
rnc 

rc 

rrc 

REAQOUT DCVICCS 
«CO«««     HOCAIWC 

n 

rn 

TIPCAL um» coMBwAiioHS 

SWITCHES AND 
ALARM DEVICES 

fSH 
FCSH 
FFSH 

rst 
rosi 
rrsi 

ISH 
JSH 

RECORDMG     WOCAIMC      *IMD 

Cut 

JR1 
KR1 
LR1 

SOtENOOS. 
RELAYS. 
COMPUIHC 
DEVICES 

AY 

PRIMARY 
IIEUC NT 

IC 
fCt 
rt 

IESI 
POINT 

«Cll 
OR 
PRO« 

««INC 
oevw. 
CLASS 

SATETY 
DCVICt ELEU 

PRC 
POIIC 

P1C 
poc 

PC 
PPC 

PCV 
PDCV 

PR 
PPR 

PSM 
POSM 

PSl        PSK 
POSl 

PRI 
PDR1 

PIT 
POH 

PY 
POY 

■ PSV.PSE 

QR1 
RR1 

IRC 
TOF.C 

1IC 
IOC 

tc 
TDC 

!CV 
lOCV 

H5EEI 
MULTIFUNCTION (12) 

TOR 
UR 

tSM 
1DSH 

tSl 
IPSL 

lit 
lern 

rt 
10* 

UWCLASSIftolär 

wc 
WDC 

wcv 
woev 

WSM 
»OSH 

VRI 
»R1 WT 

WOT 

"  ('»■'«.'« 
isrriEO IRC 

K»c IOC 
ic 
IOC 

icv 
7DCV 10» 

II 
It» 

ISH 
IOSH 

ISl 
ZOSL 

IR1 
lORt 

IIT 
IDIT 

ZI 
101 

IT 
IDT 

IC 
IOC 

V  WC  0CVCE  MAMPUIA1ES A Hl» PROCC iS  STREAM AHO IS 
NOI A HANO-ACIUA1C0 ON-OTT  BLOCK VALWE   II  IS 0CSCNA1E0 
AS A CONTROL VALVE   II IS MCORRCCI 10 USE 1HC 
SUCCCCOMC-ltllCRS CV fOR ANYIHMC OlttR  lHAN A SClf- 
ACTUA1E0 CONIROL VAIVC FOR AU APPICAIDHS 01HCR IHAN 
RIUO PROCESS STREAMS, IHC OCVKC IS 0ESBNA1ED AS 

FOUWS 

A SWITCH. »  IT IS ACTNtlCD BT HAND 
* SWITCH o* Aii on-orr CONTROLLER t n is 
AUTOMATE ANO IS IHC «1ST SUCH OCVKC M A 
100». THE TERM •SWITCH' S GCMERALIY USCO 
r nc DEVICE is USCD re« ALARM, PLOT UCHI. 
SELECTCN. MTUUOCK. OR SAFETY. 

THC TCRU 'CONTROLLER' IS CCNCRALLY USCD t 
IHC DEVICE IS USCO roR NORMAL OPCRtTMC CONTROL 

A «CUT. 1  IT S AUTOMATIC AND B HOI  THC  FUSI 
SUCH DEVCC M A LOOP, I.C . IT IS ACILATCO BT 
A SWITCH OR AN ON-orr CONTROLLCR 

IT IS CKPCCU0 THAT THC TUNCTIONS ASS0CWIC0 WITH THC  USC 
Or SUCCCCOMC-ICTTCR V WM. BE MfMC OUTS« 
ON A DIAGRAM WHCH fURlMCR OCfMIOH S CONSIMRCO 
NECESSARY. IMS DErMIION HtCO NOI BC I4A0C WHCN IHC 
ruNCiioN s scir-CMocNi. AS roR A SOUND» VALVC H A 
riUO SIGNAL UNE 

IHC  MOMVMG ICRMS 'HIGH*  AND "LOW*   AHO 'MOMC  OR 
-MICRUCOHir CORRCSPOHO TO VALUCS Of lHt UCASURCO 
VARIABLE. NOT TO VALUCS OT  THC SCHAL. IJNLCSS OTHCRWISI 
NOTCO,  rOM («AMPLE. A MGH-lEVEl ALARM DERIVED rROM 
A RCVCRSC -ACTING LEVEL TRAHSMiniR SX»AL SHOULD BC AH 
IAH, CVCH THOUGH THE ALARM IS ACTUATED WHEN THC SCHAL 
'ALLS  10 A LOW VALUE    THC  TERMS MAT Bl.  USED M 
COMBrNAlCN AS APT-ROMMTC. 

THE TERMS 'HCH*   ANO 'LOW   WHCH APPUD TO POSITIONS Of 
VALUES ANO OTHER OPCN-aOSC  OCVCES. ARC OEfMCD AS 
rOtlOWS; 'MGH"   DENOTES THAT  IHC VALVE IS IN OR 
APPTIOACHMC THE TUllT OPEN POSI1I0N. ANO 'LOW*  DCN01CS 
THAT IT IS M OR APPROACH»« IHC ruUY CLOSED POSIIDN 

17. THC WORD 'RECORD* APPLIES TO ANY rORV OT PCRMANTNT 
STORAGE OT »FORMATION THAT PERMITS RE'RCVAL BY AMY 
MEANS. 

IB. roR USE or IHC TERM -TRANSMITTER* VERMIS 'coNvcRrer. 
SEE DtTM-MMS M StCIION I OF REFCRCN'E DOCUMENT 

I*.   FIRST-LETTCR V. 'VkMATION OR UCCHAWCAl  ANALYSIS'. IS 
MENDED TO PERFORM THE DUTIES M MACtAMERY M0M10RMC 
THAT THE LETTER A PERFORMS M MORE GENERAL ANALYSIS 
EXCEPT TOR VIBRAIION. IT IS EIPECTC0 IH»I THE VARIABLE 
OF MERES! WILL BE DEFINED OUTSIDE THE lAGCrNC BUBBLE 

10 FIRST-LCnCR Y IS MTENOCD FOR USC   WHEN CONTROL OR 
MOMIORMG RESPONSES ARE  CVCNl-ORNtN AS OPPOSED 10 
THE OR THE  SCHEDULE-DRIVEN.   THC   LETTER Y. M IMS 
POSITION. CAN ALSO SKHTY PRESENCE OR SIAIt 

UOCurnNC-LETTtR  K. M COMBMAIKM WIIH A FIRSl-lETICR 
SUCH AS L.  I. OR «.  SIGNIFIES A IHC  RAH  OT CHANCE  OT 
THE  MEASURED OR MIMING VARIABLE    THE VARH8LE  WKIC. 
FOR »4SIANCE.  MAY REPRESENT A RAlt -Of-WEIGHT-LOSS 
CONTROLLER 

17    SUCCEE0INC-IET1ER K IS A USTR'S OPION roR DCSCNA1IMC 
A CONTROL   S1AII0N.  WHILE   IHE   SUCCCCONG-LCnCR  C  IS USED 
FOR DESCRIBING AUTOMATE  OR MANUAL  CONIROLLERS 

"J    A 1ESI  CONNCCIION IS A  PROCESS C0NNEC1I0N TO WHICH NO 
MS1RUMCN1  IS  PERMANCHUT CONNECTED.  BUI  WHCH IS 
M1CN0C0 FOR  1CMP0RARV.  W1ERMITTEN1. OR FUTURE 
C0NNEC1I0N OF AN MSTRUMENT 

PP -DESICHAIES A POMT FOR PRESSURE MEASUREUEN1 
TW   -DESCNAIES EMPTY IHERMOWELL 
FP   -OESCNAIES FLOW P0IN1 WIIH UKNSIALLED ELEMENI 

(omrACE riAHGCs WIIH HO PLATE) 
AP  -0ESKNA1ES A rABRCATEO CONNECIION DEDICATED TO 

AN ANALYSIS  SUCH AS A VALVE D SAMPLE  NOZZLE 

3<    VALVES 
- IF A DEVICE MANIPULATES A riUO PROCESS STREAM AND IS 

HOT A MANUALLY ACIUATED ON-OFT BLOCK VALVC. IT SHALL 
BE OESCNATEO AS A CONTROL VALVE 

-A HAND CONTROL VALVE  HCV IS A MANUALLY AC1UA1E0 
VALVE THAI MODULATES (1HR0TTLES) A PROCESS S1REAM 

-SOLENOID VALVES W PNEUMATIC SWITCHMC SERVICE SHALL 
BE  DESCNAIED AS Y. IE .  FY.  HY.  J). ETC    SOLEHOIO 
VALVES M PROCESS STREAMS SHALL BE OCSCNAIED V. 
I.E.. rv. HV. UV. ETC. 

-M0IOR1IED VALVES ARE   DCSCHAIED  IHC  SAME AS  OIHCR 
CONIROL VALVES. E C.  FV.  PV. HV.  EIC 

-AN ON-Off  VALVE   REM01ELY CONTROLLEO BY A HAND- 
SWITCH IS DESIGNATED AS A HAND VALVC   HV. 

HAND ELECTRIC SWITCH DEStGMfTiONS 

E -EMERCENCY STOP 

J -JOG 

E/J EMERCENCY STOP/JOC 

2PBL -2 PUSH BtmoNS (ON-orr) MOMENTARY WHM 
RACK  LCHT(S) 

2PB -2  MOMENTARY PUSH BUUONS  (ON-Orf) 

S/J/R -5I0P/XK/RUN 

SW -5CLCCI0R SWIICM 

HDA -HAND.  OIF. AUTO 

USER'S CHOICE DESIGNATIONS 

c - 
o - 
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CONIROIURS 

]MC      MOCAIWC       BUND 

-stir 
AC1UAH0 
CONTROL 
VALVES 

re 
fOK 
rnc 

PIC 
PDC 

PC 
pac 

pcv 
POCV 

IIC 
11»C 

IC 
IDC 

ICV 
IDCV 

MC 
HOC 

wc 
woe 

wev 
WDCV 

IC 
toe 

:cv 
rocv 

BCADOUI oevcts 
RCCOROMG     MOCtlMC 

Fl 
ro 
m 

PI 
POI 

JR 
to« 

21 
zt» 

IYPCAI um» COM8WIIOWS 

SWITCHCS «NO 
**M»t otvets , 

HBH~.    LOW 

fSM       rsi 
fCSM     rosi 
rrsH      trsi 

PSH 
POSH 

PSt 
PDSl 

ISH 
IPSH 

ISl 
IPSl 

»51 
WDSt 

ZSH 
2PSH 

ZU 
ZDSl 

TRANSMITTCRS 

RCCORDMC     WOtCAIWC      «WO 

rn 
roii 

rr 
rOT 

PHI 
PORI 

Pll 
POII 

PI 
POI 

ORI 
RRI 
SKI 
IRI 
IDBI 

n 
tot 

VRI 

WR1 

ZRI 
ZDRT 

Zll 
2DII 

Zl 
zoi 

S0CCN0I05. 
RtlAYS. 
COWUIMC 
OCVICCS 

AY 

rot 

PY 
POT 

or  

ZY 
ZOY 

puiuurt 
IlEMtNl 

It 
ret 
IE 

K 
toe 

1CS1 
POWI 

»tu 
o« 
PROW 

vfCWWG 
ocvci. 
CLASS 

SATCTY 
DCVW 

■PSV.PSt 

riHAi 
CUMIN! 

a  
rv 
rov 
rrv 

rw 
lov 

wz 
«0? 

zv 
ZPV 

,I»IAU  A«)  IS 
I IS OtSCNAttO 
IMC 
IMAN A SlU- 
5  OIMC»  IHAN 
AU0 AS 

IS 
I A 
0 
Ml. 

t 
CONTROL 

i wriH IHC use 

ISKXRCO 
WHEN IHC 
VAIVE  M A 

kXHC* OR 
MCASURCO 

IS OIMRWISC 
VIO FROM 
«XHO K AN 
N IHC SCNAl 
D M 

posnoNS or 
icrMO AS 

OR 
ow* DCNOItS 
•o PosiioN 

MUHIANtm 
1 BY ANY 

:ONVCRTCR\ 
ICUMCNT 

YSS". IS 
MOMIORMC 
ANALYSTS 
VARllBIC 

WC «uecHC 

llROt OR 
PPOSCO 10 

INS 

Sl-lCTItR 
CHANGC or 
a.c WKIC. 
n-ioss 

22   succccomc-irncR « is A USCRS OPION roR OCSCNAIMC 
A CONIROl SIAIXW.  *H»C  IHC  SUCCCCDMG-ICTHR C IS USCO 
roR DESCRIBING AUIOUAIIC CM UANUAL CONIROUCRS 

2]    A 1CSI  CONNCCIKM IS A PROCCSS CONNCCION 10 WHICH NO 
NSIRUUCN1  IS  PtRHANCHTlY CONNCCICO.  BUI WHCN IS 
WICNOCO rOR TCMPORARY.  MltRMTKNI. OR FUTURE 
C0NNCC1I0N Of  AN MS1RUUCN1 

PP -DCSICNAICS A POWI COR PRESSURE MCASURCMCN1 
IW   -DCSICNAtCS CUPTY IHCRUOWCIL 
rp -MSKNAics now POWI WIIH UKMSIALLEO EUUENt 

(ORITACt  riANCCS WIIH NO PlAIC) 
AP   -OCSICNATCS A rABRICAHD CONHCCIION DCDICAICD 10 

AN ANALYSIS SUCH AS A VALVCO SAMPLE  HOZZU 

34    VAIVCS 
- * A OCVCC MAMPULAHS A rilW PROCCSS S1RCAU AND IS 

NOt A IMMUAllY ACIUAICD ON-OTF (LOCK VALVC. II SHAll 
M  OCSCNATCO AS A CONIROl VALVE 

-A HAND CONIROl VAIVC  HCV IS A MANUALLY AC1LMIC0 
VALVC   IHAI  M00UU1CS (IMROmtS) A PROCCSS SIRCAU 

-SOUNOC VALVES M PNCUUAIIC SWITCHMC SCRWKE SHALL 
M OCSKNATCO AS Y. IC . ft. HY. JY. nc   SOLCNOO 
VAIVCS M PROCCSS SIREAUS SHAll Bt DCSKMAICO V. 
IE . CV. HV. UV. ETC. 

- MOIORUCD VALVCS ARC   DCSCNAHO   IHC  SAUC  AS OIHtR 
CONIROL VALVES.  E G. CV.  PV. MV. CIC 

-AN ON-Orr VALVC   RCHOICLY C0N1ROLLC0 BY A HANO- 
SWI1CH IS CCSSNAKD AS A HAND VALVC  HV. 

HAND ELECTRIC SWITCH DESIGNATIONS 

C -CHCRCCNCY SI0P 

J -JOC 

C/J EMERGENCY STOP/JOG 

2PBL -2 PUSH BUTTONS (ON-OfF) MOMCNTARY WITH 
BACK ICHT(S) 

2PB -2 MOMENTARY PUSH BUIIONS (ON-orr) 

S/J/R -SIOP/JOC/RUN 

SW -StttCIOR 5WIICM 

HOA -HAND. orr. AUTO 

USER'S CHOICE DESIGNATIONS 

c - 
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16 1 15 14 13 _L 12 11 10 

GENERAL INSTRUMENTS TYPICAL CONNECTION ANY VARIABLE (CONT'D) SENSORS - LEVEL VALVE N01 

o 
e 
o 

MSTRUMENI rod SMGIE 
MEASURED VARIABLE «NO 
ANT NUMBER Or fUNCDONS 
MSmuUCNI IS FICID 
M0UN1ED 

MSIDUHCNI IS MOUNTED M 
FRONI or LOCAL PANEL 

WSTRUMENT IS MOUNTED M 
M« OT LOCAL PANEL 

SHARED DISPLAY OH VWIUAL (SOMWARE BASED) 
SYMBOLS «NO SWITCH 

a 

e 

REMOTE OK MIND 
tOCAIOR/CONIROUER 

AUXILIARY OPERATORS 
•IKRFACE  HVICC 

C0NIRC4 ROOM INOICtlOR/ 
CONTROllER/RECORDER OR 
ANNUNCIAIION POINT 

COMPUTER ruNcnoN 

PROGRAMMABLE lOaC CONTROL 

(MOrt A) 

ON Y N c   C°n *> 
ci pair C)       V^Ci 

(nan a) 

(HOTl C) 

I 

MOIl A     SHOWN ON  1HC UPPCR ANO LOWR UfT 
HANO 9«  MU K  IMC DISPLAY SUCH 
AS ON/crr, OPtN/aoscD. SCI/RCSCI. 
LAN. LAI. 10« (SEIPOMI DCVIA1I0N) 
IDA «PPLCS  10 MRIUAL (SOFIWARS) 
ALARMS ONLY   II IS UNOCRS1000  THAT 
A  MRIUAL SWITCH [»STS WITH A UMOUC 
TAC NUM8CR fOR  INC LOOP 

HOIt S     (LCCIRICAL ANO HAND SWITCH DCSICNAIION 
«Ml BC  SHOWN ON IX UPPCR RIOHT 
MANO sax 

MOIl C     PANCl/COHSOLC MSCNAIKM MLl M 
SHOWN ON iHC LOM* RKWI HAND sax 
t NO PANEL IS OESKMAIIO.   IHC SMICH 
OR DISPLAY «II APPEAR ON IHC CONSOLE 
M  IHC  AREA OT   IHE ORAWMG ON WMCH 
IHC  SYMBOLS APPEAR 

SIGNALS AND LINES 

CONNCCnON 10 PROCESS OR 
MSIRLWCNI «PUT 

PNEUMATIC SKNAl 

ELECTRICAL 9CNAL 

—•—»—•—•—    MltRNAL STSTEM LINK 
(SOTIWARE OR DAIA INK) 

 X N     CAPILLARY 1UBMC 
(ruEO SYSTEM) 

--t 1--    SIEAM IHC 

— i 1—  ciccmiCAi LINE 

—e e     MCOHAMCAl INK 

TYPICAL CONNECTION ANY VARIABLE 

>-\~)-*      *" 

COCOOOO} I0/I3/M J:Mom JWH 

CHRCCI CONNECTION PROCESS 
BLOCK VALVE SYMBOL 
OPTIONAL 

ELECIRICAL CONNECTION 

FULCO SYSUM 
0MCC1 COHNECIICN 

CACC  CLASS. EKTIRNAl 
flOAT. DISPLACEMENT 

—t**'—| OFFCRENTIAI -PRESSURE 
-1- IYPE LEVEL INSTRUMENT 

—txj—L 

SENSORS - PRESSURE 

DIRCCI CONHECICD 

WTH DIAPHRAGM SEAL PIPE 
MOUNTED 

WITH DIAPHRACM SEAL IME 
MOUNTED (riANCCD) 

SENSORS - FLOW (NOTE 2) 

re - ORricc PLATE 

VCNIURI TUBE OR 
now NOZZLE 

\r^ riOW TOTALIZER MDIC«IOR 

HÖH 

VORIEK SENSOR r-HH 

f—^}—I SICHI HO» MEIER 

-VALVES USUALLY SHOWN 
IF LARGER  THAN  I' 

M1ERNAL BALL rLOAl 

OMIT riANCE ir SCREWED 
CONNECTION (ITPICAl) 

INTERNAL  BALL rLOAl 

HmrtPlE PROBE 

CONTACTMC PROBE- 

CONOUCIIVE TAPE 
CAPAOIANCE 
CONOUCIANCE 
0P1KAL 
lnDnAlBrlC 

MltRNAL OIAPMRACM 

SENSORS - TEMPERATURE (NOTE 4) 

II -  THERMOMETER 
TW -  1HERM0WELL 
|M - MEIAl OR CLOSE 
COUPLED miEO SYSTEM) 

• RID (If APPiiCABIC) 
SINCLC  SENSOR M WELL 

DUAL SENSORS M 
SMGLC WELL 

rilED SYSTEM WIM 
CAMLLARY (REMOTE 
MOUNTED MSIRUMCNT) 

VALVE NOTATION 

MOTOR AC TU A TCP VALVES (TYPICAL) 

■ NORMAL «cot (set Mort aciov) 

■ r/uiuRE MOM - ro.rc.ri.ri 

DIAPHRAGM ACTUATED VALVES (TYPICAL) 

H«l 
re 

kp- 
-1*1—♦ 

NORMAL MODE rsrr «oir snow; 

fAnuRt MODE - FO.FCFI.FI 

NOTE 

TAU  POSITIONS All 
ro-MOicAHS rAii 
FC-INWCATTS FA« 
ri-MDCAIES FAIl 
n-MOICATTS FAH I 

NORMAL MODE 101N 
SHOULD ONIT BE U 
VAIVIS «HOSE PC* 
BT  SHADING   THt   VJ 

CONIR« 

I C#3 1 

I l«l 1       81 

I MM 1 S 

I F-»l 1   DUFV 

I KH 1      WYl 

Y   Y 

T      • 

H> j 
Jtp-vs    • 

r 
1 SINCIC- 

ACI1NC 

^SOOUBLE- 
T ACTING 

■o 

VAIVC BC4 
IYP1I 

NOTES 

I    VAIVE-BOOY PORTS IHAI  ARC  CLOSED IN NORMAL  OPERATION ARE  BLACKENED    IMC 
OPERATING «MOTION SHOWN FOR MAM VALVE BODIES CORRESPONDS TO FULL-LOAD 
OR NORMAL  OPERAIION RECAROLISS OT   IHE   I« OT  ACIUAIOR SOLEHOO PHOT 
VALVE  SHALL BE SHOWN M THEIR DCCNCRCWD POSIIION 

I   OEMWY BOTH   IHC  ACIUAL CLCMCNI WHICH IS PLACED M  IHC IME   AND IHE MSIRUMCNT 
UNLESS THE DEMCE IS CMC UNIT 

FC  ORiriCt  PLATE    FT   TRANSMITTER 
II  MACNIIIC  FLOWUETtR WIM MIECRAl   IRANSMHTER 

3 IHC   TYPC OT riOW INSTRUMENT IS USUALLY NAMED OUTSIDE   THE  MSTRUMENI CIRCLE 
EC   MAGNETIC riOWUEIER. CaSPlACEMEHI MEIER MASS FLOWMEIER 

4 IAC IMC  MRMCmCll SCPARATElT IT II IS REMOTE MOUNTED FROM IHE INSTRUMENT 

re. lie RCMOic CAPILLARY 
I) DIAL THERMOMETER 
TE.   Ti    THERMOCOUPLE   AfJJ  TRANSMIT5?* 
IT TRANSMI1TER BUKI-M  TO  IHERMUCOUPLE  HEAD 



J_ 10 

LEVEL 

CAGE  CLASS. »TCRNAl 
FLOAT, DISPLACCMCNT 
DIFrCRCNnAl-PRCSSURC 
IYPC UV£l WSTRUMCN1 

-VALVES USUALLY SHOWN 
IF  IARCCR 1HAN 1' 

MICRNAL RAU F10A1 

-owl riANCc r SCREWED 
CONNECTION (TYPICAL) 

INTERNAL RAU flOAl 

MULTIPie PR08C 

C0N1AC1MC 

COMOUCllVt  1APC 
CAPAOIANCE 
CONOUCIANCC 
OPTIC«. 
VIBRAnNC 

EXTERNAL DtAPMRACU 

RATURE (NOTE 4) 

l -  THCRUOMETt« 
■ - IHERMOWCU 
ii - MCIM. OR aosc 
OUPLCO ruco SYSTEM) 

TO (r APTUCABXE) 
«at SENSOR H «at 

JAl SENSORS H 
•KLI MIL 

.ico srsiiy «IH 
<miARr (RCMOTC 
XJNTCD MSHIUMtHT) 

»TATION 

ALVtS (TYPICAL) 

MOCK fsrr »on mow) 

HOC* - ro.Fc.Fi.n 

VALVI5 (TYPICAL) 

MCOE (sei fiort mow) 

«xx - ro.rc.Fi.ri 

± B 

VALVE NOTATION (CONT'D) 

MO It 

FA«  POSITIONS All BOOY STYLES 
rO-MOICAIES FA* OPEN 
FC-WtuCATES FA»  CLOSED 
Fl-MOCAICS FAIL  LOCKED 
FI-INDICATES TAU NOC TERMINATE 

NORMAL  MODC  lOCNliriCATION (It    NO   NC ) 
SHOULD ONLY BC  USED FOR ON-OTF   TYPE 
VALVES WHOSt POSITION CANNOT BE  SHOWN 
BY SHADING  THE   VAVE  BOOY   fNOfF  I) 

IHHCI   WAY   (NOT   I) 

(ARROW SHOWS 
W-ENEROItO  PATH) 

FOUR WAY     (HOI  l) 

(ARROW SHOWS 
[«-ENERGIZED PATH) 

I i. 
VALVE NOTATION (CONT'D) 

T 
VALVES  -  ACTUATORS 

HAND OR HAMDWHCEl 

oV- -|T) SNGLC saCNon 

MANUAL RISCT AfTCR LATCH 
| OPTION Al) 

^QoOUBLE- 
|    ACTING 

f<> 

t 

PNCUUATIC CHAPHRACM WITH 
A/s     POSinoNtR 

CICCTRIC ANAIOC SICNAL TO 
PNEUMATIC VALVE WITH l/P 
CONVCRTOR AND NO POSIDONCR 

ROTARY MOTOR (SHOWN 
TYPICALLY WITH CIECTRIC 
SIGNAL) 

PNEUMATIC CYUNOCR 
iPNCUMATIC ANALOG INPUT) 

PNEUMATIC  CYLINDER  SPRlNC 
IE TURN  10 FAH POSITION 
FOR ELECTRIC OR 
PNEUMATIC TARURC 

I—tja 1 

VALVE  BODY WIH ACTUATOR 
TYPICAL  SYMBOLS 

NORMALLY OPEN 
NO POSITIONER 

"*1       I   ' 

f WW        I 
J--FC 

.j© 3£ 

NORMALLY CLOSED M1H 
HANOWHCEL OPERATOR 

NORMALLY CLOSED WIH 
MIN    AHD MAK    STOPS 

SELF-ACTIVATED DEVICES - PRESSURE 

PRESSURE RE0UC1NC 
REGULATOR WIH EXTERNAL 
PRCSSURE  IAP 

BACICPRESSURC REGULAIOR 
WIH EXTERNAL PRESSURE 
TAP 

LWFERtNnAl  PRESSURI 
REOUCINC RECUIATOR 
WIH INTERNAL   AND 
ElllRNAl PRCSSURE   IAPS 

PRESSURE  REDUCING 
REGULAIOR   SELF  CONIAINED 

BACKPRESSURE RCCULAIOR 
SCLF-CONIAMCO 

PRCSSURE RtltF VALVE 

PRESSURE /VACUUM 
RCltF VALVE WITH 
riAME   ARRESTES 

RUPTURE DISK OR SAFETY 
HEAO FOR PRCSSURE RELIEF 

RUPTURC DISK OR SAFETY 
MAD FOR VACUUM RELIEF 

I LD CE> -     SPEED CONTROL 

SELF-ACTUATtD DEVICES - ICVEl 

LCV^ 
UVEL RCGULATOR 
WIH MCCHAMCAL 
LMtAGC 

SElF-ACTUATEO DEVICES   •  TEMPERATURt e^p. MPERATURE  RECUIATOR 
FAIED SYSTEM  1YPE 

AMCD OUTSIOC   THC  WSTRUUCNT MtCLE 
ER MASS FLOWUCTER 

UOTC MOUNTED FROM IHt INSTRUMENT 

OUPLC  HEAD 

X 
SELF-ACTIVATE DEVICES - PRESSURE (CONTO) 

S£LF-AC1UAIED DEVICES - FLOW 

(UP-STREAM VA1VE) 

h-dföp^ 
\ ROTAMETER WIH VALVE 

SCLF-CONIAHEO 
(DOWN-STREAM VALVE)-}        (ORTERENTIAL 

RCGULAIORS WIL 
NOT BC  SHOW) 

(UP-STREAM VALVE) 

ROIAMCTCR WIH VALVE 
Stir-CONIAWCD 
(orrcRCRiiAi 
RCCULAIORS WIL 
NOT BC SHOWN) 

FUNCTION SYMBOLS 

0 
B 
0 
0 
0 

0 

0 
0 
0 
0 
0 
B 
B 
B 
B 

SUMMMC 

AVCRAGMG 

DIFFERENCE 

PROPORTIONAL 

WTCCRAl 

DERIVATIVE 

MUirPlYRIC 

OVONG 

ROOT »TRACTION 

EXPONENTIAL 

NONLNEAR OR 
UNSPtCTKD rUNCWM 

1IMC rUHCIION 

MX» SCLCCIMC 

LOW StUCIMC 

HIGH IHTMC 

LOW LMIIMC 

RCVCRSC PROPORIKMAl 

VCLOCIIY IMTCR 

MISCELLANEOUS SY 

azzD 

IAS)     •      >    ) 

MISCELLANEOUS SYMBOLS 

-±^™*}><*-. 

s 

PURGE FLUO ANO UTILITY 
SUPPUCS ARC 

AS-AIR SUPPLY 
CS-CAS SUPPLY 
HS-HYDRAULIC ril»0 SUPPLY 
NS-MTROCCN SUPPLY 
SS-SICAM SUPPLY 
«S-WATER SUPPLY 

PLANT AM REGULATOR 

A 10/13/94   FOR FNAL  SUBMITIAl   TO USACC 

PA/ PA 

JWH   PA    PA    PA    PA 
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ATiON (CONT'D) 

BOOT SlYltS 
OPEN 
CtOSfO 
««CO 

IOC TERMINATE 

HFICATION (it NO NC) 
SED FOR ON-OFF IYPC 
nON CANNOT BC   SHOWN 
VE Boot (Nort i) 

VALVE BOOKS 

mil WAY (»on •) 

RROW SHOWS 
I-ENERCUID PATH) 

M» WAY     f*OT   l) 

»WOW SHOWS 
-ENERCUCO PAIH> 

IND 0* HANOWHCEL 

«a.c SOUND« 

IHUAl RESET Ar It» IAICH 
PIK* Al) 

CUMATIC DIAPHRAGM MIH 
ISIHONE» 

ECTRIC «HAIOC SIGNAL   10 
cuMADC VAivt WITH I/P 
NVUIOK AND NO POSITIONER 

IAHT MOTOR (SHOWN 
PICAitT MIH ELECTRIC 
WAL) 

CuyAIK CYLINDER 
«UMATK ANALOG INPUT) 

EUUATIC CTLIMOCR SPRINC 
TURN  10 FA«. POSITION 
» ELECTRIC  0« 
EUUADC FAILURE 

MIH ACTUATOR 
.  SYMBOLS 

NORMALLY OPCN 
NO POSITIONER 

I 
VALVE NOTATION (CONT'D) 

\—»U—i 

NORUALLY CLOSED MIH 
HANDWHCCl OPERATOR 

NORMALLY CLOSED MIH 
UN   AND MAX   STOPS 

)       •* 1 
V-rc 

SELF-ACTIVATED DEVICES - PRESSURE 

fV® PRESSURE REDUCINC 
REGULATOR MIH tITERNAl 
PRESSURE  IAP 

f~2l       ( "cv ) BACKPRESSURE REGULATOR 
|     J^_J        ""M E«TERNAl PRESSURE 

M 
DIFFERENTlAl   PRESSURE 
REDUCINC RECUtATOR 
MTH INTERNAL   AND 
EXTERNAL PRESSURE   TAPS 

PRESSURE  REOUCING 
REGULATOR   SEIF  CONIAMED 

]     R 
—-tfal       D-1    ' 

BACKPRESSURE RECULAIO» 
SElF-CONTAMD 

PRESSURE «tier VALVE 

PRESSURE /VACUUM 
RELICr VALVE MTH 
riAME   ARRESTER 

RUPTURE DISK OR SAFETY 
HEAD TOR PRESSURE RELIEF 

RUPTURE DISK  OR SArETY 
HEAD TOR VACUUM RELIEF 

I (_}—CH> -     SPEED CONTROL VALVE 

SClF-ACruATED OCVKtS - LEVEL 

¥\P LEVEL REGULATOR 
MTH MECHAMCAL 
IMAGE 

SEIF-ACTUATED DEVICES   ■  TEMPERATURE 

& 1EVPERATURE REGULATOR 
fMED SYSTEM  TYPE 

J_ 
SELF-ACTIVATE DEVICES - PRESSURE (CONT'D) 

SELF-ACTUATED DEVICES - now 

(UP-STREAM VALVE) 

^-J^ptxi-, 
\ ROIAUCTER WIIH  VALVE 
\ SELF-CONIAINED 

(DOWN-STREAM VALVE)-* (ERFFERENTIAl 
REGULATORS MIL 
HOT BE  SHOWN) 

(UP-STREAM VALVE) 

ROTAMETER MIH  VALVE 
SELF-CONTAINED 
(DRTERENIIAl 
REGULATORS MIL 
NOT BC  SHOWN) 

FUNCTION SYMBOLS 

m SUMMING 

0 AVERAGING 

0 DIFFERENCE 

E 
F'l PROPORTIONAL 

Q 
0 INTEGRAL 

@ DERIVATIVE 

B UULTPIYMC 

El DIVIDING 

L^ ROOT ERTRAC1I0N 

PI EUPONtNllAL 

B NOHLMCAR OR 
UNSPECttED FUNCTION 

IÜ3 1« FUNCTION 

0 HIGH SELECT!« 

Fl 10» SELECTING 

B HIGH LMTINC 

B LOW iRJHM 

0 REVERSE PROPORTIONAL 

R VELOCITY IMTER 

B 
B ERAS 

0 
fv.l CONVERT 

MISCELLANEOUS SYMBOLS 

^M>W 

s 

PURGE  FLUO AND UTILITY 
SUPPLIES ARE 

AS-AIR SUPPIY 
CS-CAS SUPPIY 
HS-HTDRAUIIC riUO SUPPIY 
HS-MTROGEN SUPPIY 
SS-SIEAM SUPPIY 
WS-WATER SUPPLY 

PLANT  AIR REGULATOR 

-J L. 
MISCELLANEOUS SYMBOLS (CONT'D) 

± 

d —— D of io* A now ARfitsTon 

Q "D riAUt   ARBtSIO* 

IAS>— •—i REGUALTID MSIRUMINI 
»« SUPPLY 

r- 

/»«   FOR FNAL  SUBUI11AL   TO USAEC 
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16 

COCOOOOJ 10/1J/»« M'om J»M 

15 14 13 12 10 

Flu 

i 
i 

-ton 

ICVCL INDICATOR MIH Al «US SHORN ON SHARED DISPLAY 
USING DIAPHRAGM  TYPE  TRANSUTTER OH A PRESSURIZED VESSEL 

SACK PRESSURE REGULATOR USWC A PRESSURE   TRANSMITTER 
»/CAPILLARY ANO CHEMICAL SEAL. PRESSURE  CONTROLLER AND 
ALARM ARC SHOWN OH SHARtD DISPLAY 

4> 

icvti ALARM uswe riOAi TYPE SWITCH, ALARM CONDITION IS PARI 
OF WIERIOC« 2 

^ 
b£!^l 

^PDI^ 

PI 
.22» 

7 
DIFFERENTIAL PRESSURE MOCATOR USWC T»0 PRESSURE  TRANSMITTERS 

1 p^ig 

i5—^K: £ 

—-T<D 
TtMPERATURE COHTROl 10OP. AVCRAGMC THERMOCOUPLE INPUTS ANO ALARMS ON BURN OUT CONTROUER OUTPUT 
IS RAIIOCO SEPARATELY TO THREE CONTROL VALVES «IM POSITIONERS. CONTROLLER. RATIO STATIONS AND ALARMS 
ARE OH A SHARED DISPLAY   

BATCH  TOTALIZER USWC A POSITIVE DISPLACEMENT MEIER MIH A PULSE 
OUTPUT.  THE HS IS A LOCAL MOUNTED CMtRCENCY STOP. 

rC   LARGE LINEAR 
pH CONTROL LOOP fOR A CONSTANT INFLUENT flO« ANO A WOE RANCCAM.Ift 
Of  pH   AIC-SI  B CONTROL pH AROUND THE  SET POM!   IF DEVIATION IS TOO 
MUCH.  AY-SI  »ILL  ALLOW AIC-SI  A TO START  ADOMC REAGENT 

SNGLE PEN TEMPERATURE 
RECORDER «/THERMOCOUPLE 
MPUI 

riOW CONTROL LOOP USWC AH ORIFICE PLATE AS THE SENSING ELEMENT 
SOUARC ROOT EKIRACIOR IS USED TO UNI ARIZE THE FLOW SIGNAL. THE 
ALARMS ARE PART OF MTERLOCK  4 

^>" 

.BIB, 

REMOTE   OPtRATEO ON-OFT CONTROL  VALVE. CN-Ofr  SWITCH ANO VAlvt 
POSITION »«CAIORS SHORN ON A SHARED DISPLAY   A LOCAL  EUERCENC« 
CLOSE  IS WCLUDED   THE  VALVE  IS PART OF   MTERLOCK   SEOUNECC   7 

NOUS 



ü 
10 

SH 
L^d 

^ 

4 

c riOAT rot SWITCH, ALARU CONOIIION ts PART 

«E BOCA TOR USMC TllO PRfSSURC  TRANSMITTERS 

S--<F" (£> 
m~ 

icvtL coNiRa LOOP uswc * Bueeic IUBC M CONJUNCTION «IM A 
LEVEL   TRANSMITTER    A POSITIONER IS USED ONLY ON IARCC BUTTERFLY VAIVES 

PP^NI 

L»4 

PRESSURE REDUCINC 51A HON UBNC A CONTROLLER SHOWN ON 
SHARED DISPIAT 

LEVEL CONTROL LOOP USMC BUOYANCY lEVtl   TRANSMITTER 

ro 
SMALL  VAlVt 

PRESSURE  CONTROL lOOP USMC SPLIf «AN«  CONTROL   VALVES. UNDER 101 
10A0 CON0I1KW   1HE SMALL   VAIVC IS  THROTTlINC ON IARCC LOAD. IARCC 
VALVE is TMROIUINC. SUAU VALVE IS OPEN 

SMCLC PtN TEMPERATURE 
RECORDER W/TMERMOCOUPlE 
MPU1 

ICUPCRAtURC CONTROL lOOP U9NC A  THERMOCOUPLE   AS A SCNSMG 
CLEMENT.   IHC CONTROL  VAIVI IS PNEUMAIIC ACTUATED MTM A 
posinoNCR ccNmoiitR is ON A SHARED DISPLAY 

KUOIt   TEMPERIAURE INDICATOR SHOWN ON A SHARtO DISPLAY JSMC 
A THERMOCOUPLE  AS A SCMSMO CLEMENT 

FTTN] 

L!Ld 
FT^l 
\^U 

<ix> 4*J> 

s4V s"V 

USMC AN omricc PIATC AS THE SENSMG CLCUCNT 
CIO* IS USED 10 UMCARu? IHt FLOW SIGNAL.  IHt 
F MltRtOCX 4. 

FLOW RATIO CONIROL  LOOP THAI IS OPCRAICD ON A BA1CH BASIS    THE 
FLOW OF A SEIS THE SE1P0M1 OF FIC-33 B VIA A RATIO STATION 
FO-3J CLOSES BOTH VALVES WHEN BATCH IS COMPLETE 

REMOTE FLOW INC* A TOR SHOWN ON A SHARrO OISPIAY THE SOUARE 
■001 OIRACTOR IS USCD 10 IMCARI7C IHt FLOW SICNAl. All ORIFICE 
PLATE  IS USED AS A SENSING ELEMENT 

|      OPENfJ? <T 
'71 HIN 

|    CLOSE L^ 

@fJ^ 
/£< >S\OMNPfL^l0PtN 

w^    *AntKi 

l-OFF CONTROL  VALVE. CM-OTF  SWITCH AND VAl \t 
SHOWN ON A SHARED OISPIAY   A LOCAL  CUCRCCNCY 

VALVE IS PART OF MTERLOCK  SEOUNCCE   7 

DOUBLE   BLOCK  AND BLEED FOR CAS SERVICE    BLOCK   VALVES ARE  UOIOR 
ORIVtN OPEN AND SPRWC CLOSED   BLEED VAIVC IS MOTOR DRIVEN CLOSED 
AND SPRING OPEN   All   VAIVES ARE   PART  OF   INTERLOCK   7 

DOUBLE  BIOCK FOR LIOUIO SERVICE   BLOCK VALVES ARE EITHER A* OPENED 
OR MOTOR DRIVEN OPEN AHO SPRING CLOSED DCPCNOINC ON VAIVC BODY 
MATERIALS   AIL  VALVES ARE  PART OF  INTERLOCK   3 

A 10/11/»«   FOR FNAl SUBMITTAL  TO USAEC 

•STWIöA™ 
A/ PA 

jm   PA    PA    PA    PA 
rttu 
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ra 
klA <=F-(s>- 

ICVtl  CONIROl  LOOP USWC A BUBBU  1UBC  IN CONJUNCTION WIM A 
UVtl   lRANSI»I1t»   A POS1I0NER IS USED ONIY ON IARCC BU1IERTLY VAlVtS 

FKcSI 
bi: 

PRESSURE REDUCINC SIATtON USING A CONTROLLER SHOWN ON  A 
SHARtO tHSPlAT 

lEMPfRAIURE  CONTROL IOOP USWC A THCRUOCOUPlt   AS A StNSMC 
CLEMENT.   IMC CONmOL VAlVt IS PNEUMATIC ACTUATED M1H A 
POSIKINCR CONTROLLER is ON A SHAMD DISPLAY 

FLOW »AHO CONTROL LOOP THAT IS OPCRAIED ON A BA:CH BASIS IHC 
FIOII OF A SEIS THC SETPOM1 OR FIC-33 B MA A RATIO STATION 
FO-33 CLOSCS BOM VALVES WHEN BATCH IS COMPLETE 

DOUBlt  BlOCK  ANO BLEED 10« CAS SERVICE    «OCK   VALVfS ARE   M010R 
DRIVEN OPtN ANO SPRINC ClOHO  BLEED VAl VE IS M010R DRIVtN ClOStO 
AND SPRING OPCN    All   VAIVIS ARE   PARI  Of   INTERLOCK   2 

IEVU CONIROl IOOP USMC BUOYANCY IF.VEL   TRANSMITTER 

^=M" 
rc 

lARM  VAl« 
■r-1 

-C*3-  
ro 

SMALL  VAL VC 
PRtSSURt   CONIROL IOOP USINC SPIII RANCC CONTROL   VALVCS. UNDER 10* 
IOA0 CONDITION   IHt SMAU   VAlVt IS  THROIllINC ON IARCE 10A0. IA«C£ 
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8.0  EQUIPMENT LIST 

U.S. Army Environmental Center 
Red Water Treatment Technology 
Test Plan and Site Preparation 
Aberdeen Proving Ground, Maryland 

KN\1585VWP1585\01-12-95VD11\E1 



COMPANY NAME: IT Corporation 
PROJECT NAME: USAEC 
LOCATION: Aberdeen Proving Ground, Maryland 

PROJECT NO: 322M3 
SPEC. NO.: 
WP: WP1585.8 

8.0 Equipment List 
Circulating Bed Combustor System 

Equipment Number Equipment Name 

B-2001 Combustion Air Blower 

B-2002 Loop-Seal Purge Air Blower 

B-5001 Induced Draft Fan 

F-2001 Circulating Bed Combustor (CBC) 

G-2001 Start-Up Burner 

H-2001 Ash Cooler Conveyor 

H-2002 Limestone Feed Hopper 

H-2003 Limestone Feed Screw Conveyor 

H-2004 A120^ Feed Hopper 

H-2005 Al^O, Feed Screw Conveyor 

H-2006 Hoist 

H-2007 Limestone Bag Breaker 

H-2008 A120^ Bag Breaker 

H-5001 Rotary Air Lock 

H-5002 Rotary Air Lock 

P-2001 Cooling Water Recirculating Pump 

S-2001 Cyclone Separator 

S-5001 Baghouse 

T-2001 Ash Bin 

T-5001 Partial Quench 

T-5002 A, B Dust Collection Drum 

X-2001 Distributor Plate 

Z-5001 Stack 

By: SM Equipment List Area No.: 
Checked: PA JTPCE Area Name: All Areas 
Approved: PA Knoxville, Tennessee 
Date: 01/12/95 Rev. No. (0) (1) Page:  1 of 1 



9.0 EQUIPMENT SPECIFICATIONS 

U.S. Army Environmental Center 
Red Water Treatment Technology 
Test Plan and Site Preparation 
Aberdeen Proving Ground, Maryland 

KN\1585\WP1585W1-12-95VD11\E1 
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COMPANY NAME: IT Corporation 
PROJECT NAME: USAEC 
LOCATION:  Aberdeen Proving Ground, Maryland 

PROJECT NO: 322243 
SPEC. NO.: 
WP: WP1585.9 

9.0 Equipment Specifications 

The equipment specifications are provided for the following major equipment in the following 

order: 

Equipment 
Number 

Equipment 
Name 

Area 
Name 

F-2001 Circulating Bed Combustor Combustion Module (Area 20) 

B-2001 Combustion Air Fan Combustion Module (Area 20) 

G-2001 Start-up Burner Combustion Module (Area 20) 

F-2002 Cyclone Separator Combustion Module (Area 20) 

B-2002 Loop-Seal Purge Air Blower Combustion Module (Area 20) 

H-2004/H-2008 A1,0^ Feed Hopper and Bag Breaker Combustion Module (Area 20) 

H-2002/H-2007 Limestone Feed Hopper and Bag 
Breaker 

Combustion Module (Area 20) 

H-2006 Hoist Combustion Module (Area 20) 

H-2005 Al90-> Feed Screw Conveyor Combustion Module (Area 20) 

H-2003 Limestone feed screw combustor Combustion Module (Area 20) 

P-2001 Cooling Water Recirculation Pump Combustion Module (Area 20) 

H-2001 Ash Cooler Conveyor Combustion Module (Area 30) 

T-2001 Ash Bin Combustion Module (Area 30) 

T-5001 Partial Quench Air Pollution Control (APC) 
Module (Area 50) 

S-5001 Baghouse APC Module (Area 50) 

H-5001 Rotary air lock APC Module (Area 50) 

H-5002 Rotary air lock APC Module (Area 50) 

B-5001 Induced Draft Fan APC Module (Area 50) 

Z-5001 Stack APC Module (Area 50) 

T-5002 A/B Dust Collection Drums APC Module (Area 50) 

By: PA 
Checked:  PA 
Approved: PA 
Date: 01/12/95 

Equipment Specifications 
JTPCE 

Knoxville, Tennessee 
Rev. No. (0) (1) 

Area No.: 20/30/50 
Area Name: All Areas 

Page:  1 of 1 



COMBUSTION CHAMBER rr CORP SPEC, NO 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

SPECIFICATION 
NO BY DATE REV. SHEET         1    OF     1 

1 PROJECT NAME 

USAEC 
AREA NO:                       20 
AREA NAME:                 CBC 
TAG NO.:                        F-2001 
EQUIPMENT NAME:       CIRCULATING 

BED COMBUSTOR 

2 JOB NO. 

322243 
LOCATION 

3 

BY 

WMS 

APPR 

PA 

DATE 

11/30/94 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

D 
E 
S 
I 

G 
N 

D 
A 
T 
A 

Total Volume:          Gal. Field Erected?      YES No. Units:      ONE 
Operating Pressure, psig 30" W.C. VACUUM 
Operating Temperature, deg F 1.600 
Operating Shell Temperature, deg.F 350 
Design Pressure, psig 60" W.C. VACUUM 
Design Temperature, deg F 2,200 
Design Shell Temperature, deg.F 500 
Operating Gas Flow 5000 ACFM 
Operating Gas Residence Time 1.7 SECONDS 
Bed Material ALUMINUM OXIDE 

A 
Bed Charge 1.875 LB 

K h 

J-1- 

u 

-     Ho.s"<t. 

A0 

V£ 

H F 

-f 
C 

Type Supports: 
Insulation:                REFRACTORY LINED  INTERIOR 
Fireprooofing:          NONE 
Sandblast:               NONE                   | Paint: 
MANHOLE:              Hinged?    X | Davited? Other: 
Platform Clips:                | Ladder Clips: Insul. Rings: 
Pipe Supports: <: ——^-9 

0I5Tfcßt/n>Ä. 

Wind Load:    110  MPH        mph Seismic:        ZONE 3 
Weight Empty:           *           lbs. Weight Full of Water:    N/A          lbs. 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

M 
A 
T 
E 
R 

I 
A 
I 
S 

Item Thicknssj Mat'l CIs Mat'l - Minimum Quality 
Shell 1/4"    |    OS. A-36 
Distributor Plate HAST. HASTELLOY276-C 
Lining 6" RFRAC. CASTABLE 
O.D. 40.5' 
Length 38 ft 
Nozzle Necks C.S. A-36 
Ranges OS. A-36 
Tuyeres HAST. HASTELLOY 276-C 
M.H. Cover C.S. A-36 
Supports 
Bolts/Studs 
Nuts 
Gaskets HIGH TEMPERATURE 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

N 
O 
2 
Z 
L 
E 

S 
C 
H 
E 
D 
U 
L 
E 

Service Mark No. Size Rating Face Type ■ l' 
OFF-GAS A 28" 4 / t 
BURNER B- 12" 

nV MANWAY C 18" 
B LOOP-SEAL D 16" 

ASH OUTLET E 12' 

\ 
k THERMOCOUPLE F 2 2" 

f SITE PORT G 4" ' 
NATURAL GAS H 1" 0. 
THERMOCOUPLE I 2" M 

SITE PORT J 4- 

THERMOCOUPLE K 2" 
MANWAY L 12" 

M 
N 
0 
P 

Nozzle to be Plugged or Blinded * For Furthe rt )etails, See She Bt No.: 

F2001 CBC.WK1 



IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

FAN SPECIFICATION 
NO BY DATE REVISION SHEET 1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                      20 
AREA NAME:                CBC 
TAG NO.:                       B-2001 
EQUIPMENT NAME:     COMBUSTION 

AIR FAN 

2 JOB NO. 

322243 
LOCATION 

3 
BY 

WMS 

APPR 

PA 

DATE 

11/30/94 

1 Manufacturer:       * Model No.:                           * 

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

G 
E 
N 
E 
R 
A 
L 

No. of Units:          ONE 
Description of Gas and Materials Handled:        AMBIENT AIR 
Row             6000            SCFM|S.P.         30               Inches W.G. | Temp.:   -20/+110        deg. F | Gas Density:         0.077   Lb/Cu.Ft. 

Hours per day operation:       24 
Noise Rating Per Attached Noise Level Spec. No.     * 
WHEEL: Diameter:        *             Inches    | Gage and Material of Rims:    *                                            | Blades:     * 
HOUSING GAGE & MATERIALS: Scroll                      C.S.                | Sides                        C.S.                   | Tube (Axial)        * 
Performance Curves:   YES| Curve No.:     * Mfr. Size & Type:  *                                            | Weight:      *              Lbs. 

R.P.M.:              *           I B.H.P. Required:                   * Mech. Efficiency:            * Outlet Velocity:            *                ft/sec 

BEARINGS:   Type:                                 *                          | Make:                             * Manufacturers No.:                   * 
SHAFT: Diameter at Bearings:                       *                  inches       | Diameter at Wheel:                 *          inches 
Distance Between Bearings:                                *                                                      I Distance from Bearing to Fan Wheel:                 * 

Maximum Shaft Speed:                          * 

16 
17 
18 
19 
20 
21 
22 

C 
N 
T 
R 
F 
G 
L 

Arrangement:                              *                       | Rotation:                        CCW                             | Discharge:          TH 
Sinale Width?       YES               | Double Width?                                      | Single Inlet?         YES               | Double Inlet? 
SPECIAL FEATURES REQUIRED: Flanged Inlet and Outlet?             YES Drain in Housing?      YES 

Clean Out in Housing?        YES Split Housing?         NO Water Jacketed Bearings?        NO 

Shaft Seals?                  YES Inlet or Outlet Dampers?         NO Other:    GUARDS & SCREENS 

23 
24 
25 
26 
27 
28 
29 

A 
X 

I 
A 
L 

Vertically or Horizontally Mounted? 
Tubeaxial?                                    | Vaneaxial? Arrangement: Rotation: 

TYPE OF INLET AND OUTLET:   Streamlined Inlet? Inlet Cone? Outlet Cone? 

SPECIAL FEATURES REQUIREDAccess Doors? Support Legs? Motor Hood? 

Inlet or Outlet Guard?                  | Outside Belt Guard? Ranged Inlet & Outlet? Other: 

30 
31 
32 
33 
34 
35 

P 
R 
P 
L 
R 

Horizontally or Vertically Mounted? 
Direct Drive?                                                                                                 | High Capacity Static Conducting V-Belt Drive? 
SPECIAL FEATURES REQUIRED: Safety Guards? Shutters?                                     | Other: 
Description of Guard & Shutter: 
Adjustable Pitch?                                                                                          I Automatic Variable Pitch? 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

D 
R 

I 
V 
E 
R 

Furnished By:     FAN MFG'R Elec or Steam Turbine?       ELEC       | Direct, Gear, Belt or V- Rope?               BELT 
ELECTRIC MOTOR: Mfr.:          *                                             STEAM TURBINE Mfr.: 

Mounted By:      FAN MFG'R Enclosure:            TEFC Mounted By: Model: 

Speed:            *                   rpm Service Factor:      1.4 Horsepower:                          HP Water Rates:             Lbs/Hr 

Volts:            460 Temp. Rise: Speed                                  rpm Vacuum (if any): 

Phase:            3 Insulation: Inlet Steam Press.: Inlet Steam Temp.: 

Cycles:          60 Frame:                      * Normal:                         psig Normal:                deg. F 

Nominal Size:       40           HP Est. BHP Req'd:    28.4                   HP Max.:                             psig Max.:                   deg F 

SPEED REDUCERS: Mfr.: Backpressure:                     psig 

Ratio: Model: Nozzles Size Rating Facing Location 

Integral or Separate? Class: Inlet 
Exhaust 

SEE DRIVER SPECIFICATION NO.: 
49 
50 
51 
52 
53 
54 
55 

N 
O 
T 
E 
S 

1. FAN SHALL BE SIZED TO OPERATE BETWEEN SEA LEVEL AND 6000 FEET ELEVATION. 

VENDOR TO COMPLETE INFORMATION MARKED ■ * \ 

B2001 CBC.WK1 



IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

AIR BURNER 
NO BY DATE REVISION SHEET     1        OF     1 

1 PROJECT NAME 

USAEC 
AREA NO: 20 2 JOB NO. 

AREA NAME:                CBC 
TAG NO.:                       G-2001 
EQUIPMENT NAME:      START-UP 

BURNER 

322243 
LOCATION 

3 
BY APPR DATE 

WMS PA 11/30/94 

1 QUANTITY DESCRIPTION 

2 

3 1 Operating Conditions: 

4 Off-gas Temperature                                              1,300 deg. F 

5 Combustor Pressure                                                0 - 30" W.O. Vacuum 

6 Media                                                                     Combustion Gases 

7 

8 Design Conditions 

9 Off-gas Temperature                                              2,200 deg. F 

10 Combustor Pressure                                                -2 to +2 psig 

11 Wind Load                                                               110mph 

12 Earthquake Load                                                     Zone 3 

13 Ambient Temperature                                               -20 to 110 deg. F 

14 Elevation                                                                 Sea Level to 6000 ft 

15 

16 Heat Release 

17 Minimum                                                                 500,000 Btu/hr 

18 Maximum                                                                5,000,000 Btu/hr 

19 Operating                                                                4,000,000 Btu/hr 

21 Fuel Gas                                                                       Natural gas 

22 

23 No. of Burners and Type 

24 Burner                                                                    One, vortex type air burner side 

25 mounted on the CBC wind box; 

26 burner shall extend approximately 

27 5" into the wind box. Turndown 

28 shall be 10:1. 

29 

30 Ignitor                                                                     Burner to be ignited by a spark 

31 

32 

33 

ignitor utilizing an electric spark. 

Material of Construction                                                 Portion of burner in CBC to be 304 

34 SS, or 309 SS, or equal. 

35 

36 

37 

38 

39 

40 

G2001CBC.WK1 



IT CORP SPEC. NO. 

LT. CORPORATION 
POLLUTION CONTROL ENGINEERING 

CYCLONE SEPARATOR 
NO BY DATE REV. SHEET         1    OF     1 

1 PROJECT NAME 

USAEC 
AREA NO:                       20 
AREA NAME:                  CBC 
TAG NO.:                         F-2002 
EQUIPMENT NAME:        CYCLONE 

SEPARATOR 

2 JOB NO. 

322243 
LOCATION 

3 

BY 

WMS 

APPR 

PA 

DATE 

9/13/94 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

D 
E 
S 
I 

G 
N 

D 
A 
T 
A 

Total Volume:          Gal.   Field Erected?      YES No. Units:      ONE 
Operating Pressure, psig 30" W.C. VACUUM 
Operating Temperature, deg F 1.600 
Operating Shell Temperature, deg.F 350 
Design Pressure, psig 60' W.C. VACUUM 
Design Temperature, deg F 2.200 
Design Shell Temperature, deg.F 500 
Operating Gas Row 5000 ACFM 
Operating/Maximum Inlet Velocity 50 / 70 FT PER SECOND 
Grain Loading 13 GR/DSCF 
Differential Pressure 3" to 5* W.C. 
Removal Efficiency 95% MIN. 

D 

Type Supports: 

A Insulation:                REFRACTORY LINED  INTERIOR 

i 
I ! 
i 
I 

Fireprooofing:          NONE 
Sandblast:               NONE                    | Paint: 
MANHOLE:             Hinged?         | Davited? Other: 
Platform Clips:                | Ladder Clips: Insul. Rings: i 
Pipe Supports: 
Wind Load:   110 MPH        mph Seismic:        ZONE 3 
Weiqht Empty:           *            lbs. Weight Full of Water:    N/A         lbs. 

\/ 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

M 
A 
T 
E 
R 
I 

A 
L 
S 

Item Thicknss Mat'! CIs Mat'l - Minimum Quality 
Shell 1/4" C.S. A-36 
Vortex Finder 1/4" HAST. HASTELLOY 276-C 
Lining 6" RFRAC. CASTABLE 
O.D. 38" 
Length 120" 
Nozzle Necks C.S. A-36 
Ranges C.S. A-36 

M.H. Cover 
Supports 
Bolts/Studs 
Nuts 
Gaskets HIGH TEMPERATURE 

38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

N 
O 
Z 
z 
L 
E 

S 
C 
H 
E 
D 
U 
L 
E 

Service Mark No. Size Rating Face Type 
OFF-GAS A 1 28" /° OFF-GAS B- 1 28" 
SOLIDS OUTLET C 1 16" 
POKE-HOLES D 2 4" C 

E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
P 

Nozzle to be Plugged or Blinded * For Further Details, See She et No.: 

F2002CBC.WK1 



IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

FANS PECIFICATION 
NO BY DATE REVISION SHEET 1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                   20 
AREA NAME:               CBC 
TAG NO.:                      B-2002 
EQUIPMENT NAME:      LOOP-SEAL 

PURGE AIR 
BLOWER 

2 JOB NO. 
322243 

LOCATION 

3 
BY 

WMS 
APPR 

PA 

DATE 
11/30/94 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

G 
E 
N 
E 
R 
A 
L 

Manufacturer:       * Model No.:                            * 
No. of Units:         ONE 
Description of Gas and Materials Handled:          AMBIENT AIR 
Row:             200            SCFM|S.P.           30             Inches W.G.| Temp.:   -20/+110         deg. F | Gas Density:         0.077   Lb/Cu.Ft. 

Hours per day operation:       24 
Noise Rating Per Attached Noise Level Spec. No.       * 
WHEEL: Diameter:        *             Inches      Gage and Material of Rims:    *                                               Blades:     * 
HOUSING GAGE & MATERIALS: Scroll                     C.S.                | Sides                         C.S.                   | Tube (Axial)         * 
Performance Curves:   YES| Curve No.:     * Mfr. Size & Type:  *                                             | Weight:       *              Lbs. 
R.P.M.:             *          | B.H.P. Required:                  * Mech. Efficiency:             * Outlet Velocity:             *                 ft/sec 

BEARINGS:   Type:                                *                         | Make:                             * Manufacturers No.:                   * 
SHAFT: Diameter at Bearings:                      *                 inches       | Diameter at Wheel:                  *          inches 
Distance Between Bearings:                               *                                                     I Distance from Bearing to Fan Wheel:                  * 
Maximum Shaft Speed:                           * 

16 
17 
18 
19 
20 
21 
22 

C 
N 
T 
R 
F 
G 
L 

Arrangement:                             *                     | Rotation:                     CCW                             | Discharge:         TH 
Single Width?       YES               | Double Width?                                      | Single Inlet?          YES               | Double Inlet? 
SPECIAL FEATURES REQUIRED: Ranged Inlet and Outlet?             YES                                        | Drain in Housing?      YES 
Clean Out in Housing?        YES Split Housing?      NO                                         I Water Jacketed Bearings?        NO 
Shaft Seals?                 YES Inlet or Outlet Dampers?      NO Other:    GUARDS & SCREENS 

23 
24 
25 
26 
27 
28 
29 

A 
X 
I 

A 
L 

Vertically or Horizontally Mounted? 
Tubeaxial?                                    Vaneaxial?                                             I Arrangement: Rotation: 
TYPE OF INLET AND OUTLET:   Streamlined Inlet?                                    Inlet Cone? Outlet Cone? 
SPECIAL FEATURES REQUIREDAccess Doors? Support Legs? Motor Hood? 
Inlet or Outlet Guard?                   Outside Belt Guard? Ranged Inlet & Outlet? Other: 

30 
31 
32 
33 
34 
35 

P 
R 
P 
L 
R 

Horizontally or Vertically Mounted? 
Direct Drive? High Capacity Static Conducting V-Belt Drive? 
SPECIAL FEATURES REQUIRED: Safety Guards? Shutters?                                      | Other: 
Description of Guard & Shutter: 
Adjustable Pitch?                                                                                        I Automatic Variable Pitch? 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

D 
R 

I 
V 
E 
R 

Furnished By:     FAN MFG'R Elec or Steam Turbine?       ELEC Direct, Gear, Belt or V-Rope?               BELT 
ELECTRIC MOTOR: Mfr.:           * STEAM TURBINE: Mfr.: 

Mounted By:     FAN MFG'R Enclosure:              TEFC Mounted By: Model: 
Speed:           *                  rpm Service Factor:         1 Horsepower:                           HP Water Rates:               Lbs/Hr 
Volts:           460                        Temp. Rise: Speed                                    rpm Vacuum (if any): 
Phase:           3 Insulation: Inlet Steam Press.: Inlet Steam Temp.: 
Cycles:          60 Frame:                      * Normal:                           psig Normal:                deg. F 
Nominal Size:        3            HP Est. BHP Req'd:      0.9                   HP Max.:                               psig Max.:                    deg F 

SPEED REDUCERS: Mfr.: Backpressure:                     psig 
Ratio: Model: Nozzles Size Rating Facing Location 

Integral or Separate? Class: Inlet 
Exhaust 

SEE DRIVER SPECIFICATION NO: 
49 
50 
51 
52 
53 
54 
55 

N 
O 
T 
E 
S 

1. FAN SHALL BE SIZED TO OPERATE BETWEEN SEA LEVEL AND 6000 FEET ELEVATION. 

VENDOR TO COMPLETE INFORMATION MARKED ■ * \ 

B2002CBC.WK1 



1 

FEED HOPPER 
SPECIFICATION 

ITCORPSPEC.NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REV. SHEET         1    OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                   20 
AREA NAME:             CBC 
TAG NO.:                    H-2004/ H-2008 
EQUIPMENT NAME:  AI203 FEED 

HOPPER AND 
BAG BREAKER 

2 

JOB NO. 

322243 
EXISTING OR NEW? 

NEW 
3 BY 

SLM 

APPR 

PA 

DATE 

10/1/94 

1 

2 FUNCTIONAL DATA 
3 

4 

5 

Application:                   Feeding Aluminum Oxide 
Material Handled:          AI203 

6 

7 

8 

Density:                        70 - 80 pcf 
Material Temperature:   Ambient 

Normal -               Ambient 

9 Maximum -            110 deg. F. 

10 

11 

Capacity: 
Normal-                50 Ib/hr                                     Particle Size:     1/32" 

12 

13 

14 

15 

16 

Range-                 10 to 150 Ib/hr                           Moisture:          none 
Fed By:                         Manually (bags broken)             Discharge To:   H-2005AI2O3 Feed Conveyor 

Operations, Hrs/Day:     12-24                                     Days/Year: 365 
Location:                      Outdoors or in temperary bldg. 

17 

18 SPECIFICATIONS 
19 

20 

21 

22 

150lbs/hr 

3'x3'x3' 

23 sloped walls. 

25 Material of Construction, 1/4" A-36 steel. 

26 

27 Support, structural steel for independent supporting Feed Hopper & Mass Flow Feeder. ' 

do 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

Vendor to include Bag Breaker System (H-2008) and fugative emissions collection system. 

m           H2004CBC.WK1 



1 

FEED HOPPER 
SPECIFICATION 

IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REV. SHEET     1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                   20 
AREA NAME:             CBC 
TAG NO.:                     H-2002 / H-2007 
EQUIPMENT NAME:   LIMESTONE FEED 

HOPPER AND 
BAG BREAKER 

2 
JOB NO. 

322243 
EXISTING OR NEW? 

NEW 
3 BY 

SLM 
APPR 

PA 
DATE 
11/30/94 

1 

2 FUNCTIONAL DATA 
3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

13 

14 

15 

16 

Application:                  Feeding Limestone 

Material Handled:         Limestone 

Density:                         85 - 95 pcf 
Material Temperature:   Ambient 

Normal -               Ambient 
Maximum-            110 deg. F. 

Capacity: 
Normal-               30lb/hr                                    Particle Size:     1/4" 
Range-                 10to150lb/hr                          Moisture:          none 

Fed By:                         Manually (bags broken)             Discharge To:   H-2003 Limestone Feed Conveyor 
Operations, Hrs/Day:     12-24                                   Days/Year:        365 
Location:                     Outdoors or in temperary bldg. 

17 

18 SPECIFICATIONS 
19 

20 

21 

22 

23 

24 

25 

26 

27 

150lbs/hr 

3'x3'x3' 
sloped walls. 

Material of Construction, 1/4" A-36 steel. 

Support, structural steel for independent supporting Feed Hopper & Mass Flow Feeder. 

29 

30 

31 

32 

Vendor to include Bag Breaker System (H-2007) and fugative emissions collection system. 

33 

34 

35 

36 

37 

38 

39 

40 

m H200 2CBC.WK1 



F 

HOIST 
SPECIFICATION 

IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REV. SHEET     1        OF             1 

1 PROJECT NAME 

USAEC 
AREA NO:                  20 JOB NO. 

AREA NAME:             CBC 
TAG NO.:                   H-2006 
EQUIPMENT NAME:   HOIST 

2 322243 
EXISTING OR NEW? 

NEW 
3 BY APPR DATE 

SUM PA 10/1/94 

1 

2 FUNCTIONAL DATA 

3 

4 Application:                  Lifting Feed Bags and Misc. Jobs 

5 Material Handled:          Limestone and AI203 

6 Material Temperature:   Ambient 

7 Normal -               Ambient 

8 Maximum-            110deg. F. 

9 Capacity: 

10 Normal -               Varies 

11 Range -                 Up to 5 Tons 

12 Loaded By:                   Manually                                    Discharge To:   Platforms 

13 Operations, Hrs/Day:                                                      Days/Year: 

14 Location:                      Outdoors or in temperary bldg. 

15 Cable: 38 ft. steel 

16 

17 

18 

19 

20 

21 

22 

23 SPECIFICATIONS 

24 

25 5 Ton Hoist 

26 

27 Hoist Moves in the x,y, and z plains. 

28 

29 Support, structural steel for independently supporting Hoist. 

30 

31 Motorized for every direction 

32 

33 

34 

35 

36 

37 

38 

39 

40 

H2006CBC.WK1 



CONVEYOR 
SPECIFICATION 

IT CORP SPEC. NO. 

■ - 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REV. SHEET     1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                  20 
AREA NAME:             CBC 
TAG NO.:                    H-2005 
EQUIPMENT NAME:  AI203 FEED 

SCREW CONVEYOR 

2 JOB NO. 

322243 
LOCATION 

3 
BY 

WMS 
APPR 

PA 

DATE 

11/30/94 

1 Quantity: ONE        I 
2 

c 
0 
N 
D 

I 
T 
I 

O 
N 
S 

s 
E 
R 
V 

1 
C 
E 

Material Conveyed:     ALUMINUM OXIDE (AI203)                         I Material Form: Sludge         Solid        X        Other: 

3 Density:   70 — 80 Ib/ft3 | Temperature:    AMB.       deqF| Viscosity:                      cp I Particle Size: Max.     1/32         Inches - Min.                      Inches 

4 Moisture Content:       Dry       X            Wet                                                                               % I Free Liquid:      Yes                No     X                                  % 

5 Material Reactions:     NONE                       Hardens                       Calcifies                       Other: 
6 Corrosion or Erossion Factors:      MODERATELY EROSSIVE 
7 Vapor Formation: Yes             No     X   j Vapor Collection: Yes              No     X  | Vapors Formed: 

8 Service Location: Indoors      X   Outdoors      X  I 
9 Location Description: 

10 O 
P 
R 
T 
N 
G 

Capacity: Normal:         50          Ib/hr; Maximum:           150          Ib/hr   | Elevation  Gain:              0               ft. | Horizontal Conveyance:            *                 ft. 

11 Operatinq Factor:                hrs/day,                           days/yr | 

12 Fed by:    AI203 FEED HOPPER H-2004                                       I Discharqe to:     CIRCULATING BED COMBUSTOR F-2001 
13 Equipment Operation:   Continuous           X   Intermittent                            On Demand                           Reversing                     Other:    VARIABLE SPEED 

14 Past Experience: 
15 
16 

c 
O 
N 
S 
T 
R 
U 
c 
T 

I 
O 
N 

D 
E 
T 
A 

I 
L 
S 

Conveyor Type: Belt   '                 Roller                  Pan            Apron                  Drag Flight                   Other:         SCREW TYPE 
17 Width:          *                                                                                            Inches Length:                  4                                                                                                   ft. 

18 Speed:        *                                                                                       ft./min. Incline               /Decline                                                    Degrees from Horizontal 

19 Weight:        *                                                                                             lbs Loaded Weight:              *                                                                                          lbs 

20 Enclosure: Open                 Covered        X      Sealed       X      Inert Atmosphere                    Other: 
21 Enclosure Seal:         HIGH TEMPERATURE GASKET 
22 BELT   CONVEYOR 
23 Support Type:   Idler                      Roller                           Flat Plate                      Other 
24 Idler/Plate Arrangement:   Flat                         Troughed                                        | Trough Incline:                                                                                                 Degrees 

25 Roller Size:                        Inches  | Roller Spacing:                Inches  | Impact Roller Size:                    Inches  I Impact Roller Spacing:                                          Inches 
26 Head Pulley Length:                                                                              Inches Head Pulley Diameter:                                                                                         Inches 

27 Tail Pulley Lenqth:                                                                                      Inches Tail Pulley Diameter                                                                                      Inches 

28 Belt Type: Belt Chevrons:                     Type: 

29 Belt Cleaner:                         Type:   Scraper                     Brush                           Wire                    Other: 
30 Skirt Plate: Yes              No           | Skirt Depth:                                                          Inches  | Skirt Width:                                                                                       Inches 
31 CONTINUOUS   FLOW   CONVEYOR 
32 Chain Type:                                                                                                            1 Chain Pitch:                                                                                                         Inches 
33 Pan Type: 
34 Bearinq Spacing:     *                                                                                 Inches Bearing Type:       * 
35 Pan Width:                                  Inches  | Pan Depth:                                Inches Pan Thickness:                          Inches  | 

36 Attachment to Chain: 
37 Roller Diameter:                                                                                         Inches Roller Type: 

38 Headshaft Diameter:                                                                                  Inches Type Sprocket 

39 Tailshaft Diameter:                                                                                     Inches Type Sprocket 

40 Flite Pitch:                 * 
41 M 

A 
T 

i 

L 

Belt/Pan: Rollers: 

42 Idlers: Scraper: 
43 Flites:      CARBON STEEL Enclosure:         CARBON STEEL 
44 Shaft:       SCH. 80 PIPE. CARBON STEEL Sprocket: 
45 Screw:     CARBON STEEL Trough:            CARBON STEEL 

46 
D 
R 

1 
V 
E 
R 

Type:   Direct                        Gear                   V-Belt          X            Other: Frame:         * 

47 Electric Motor Make:       * Mounted By:      VENDOR Enclosure:         TEFC 

48 Insulation:                            I Temp. Rise:                                 deg F Volts:        460                   Phase:           3            Cycle:         60 
49 Estimated BHP Required:        *                hp I Nominal Motor Size:                *                hp    Speed:      1800        rpm | 
50 Speed Reducer:   Integral                   Separate            *            | Ratio:           * Mfr:              * 

51 Model:         *                                                                                                         I Class: 
52 
53 CONVEYOR TO BE EQUIPPED WITH A VARIABLE SPEED DRIVE. 
54 M 

1 
S 
C 

Shop Tests Required:                        * 
55 Mechanical Drawinq No's:                 * 
56 Other: 
57 
58 
59 
60 
61 VENDOR TO COMPLETE INFORMATION MARKED * 

H2005CBC.WK1 



r 
CONVEYOR 

SPECIFICATION 
IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REV. SHEET     1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                 20 
AREA NAME:            CBC 
TAG NO.:                   H-2003 
EQUIPMENT NAME:  LIMESTONE FEED 

SCREW CONVEYOR 

2 JOB NO. 

322243 
LOCATION 

3 
BY 

WMS 
APPR        I DATE 

PA       I 11/30/94 

1 Quantity:  ONE        I                                                                                                                                                                                                                                     .... 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

c 
O 
N 
D 

I 
T 

I 
0 
N 
S 

S 
E 
R 
V 

1 
C 
E 

Material Conveyed:     LIMESTONE                                                         1 Material Form: Sludge         Solid         X       Other: 
Density   85 - 95 Ib/ft31 Temperature:    AMB.       deg F| Viscosity:                       cp I Particle Size: Max.      1/32         Inches - Min.                      Inches 
Moisture Content:       Dry       X            Wet                                                                                 % I Free Liquid:       Yes               No     X                                  % 
Material Reactions:     NONE                       Hardens                        Calcifies                        Other: 
Corrosion or Erossion Factors:      MODERATELY EROSSIVE 
Vapor Formaten: Yes             No     X   | Vapor Collection: Yes               No     X   | Vapors Formed: 
Service Location: Indoors      X   Outdoors      X   I 
Location Description:                                                                                                                                       

O 
P 
R 
T 
N 
G 

Capacity Normal:        50          Ib/hr; Maximum:           150          Ib/hr   I Elevation  Sain:              0                ft. I Horizontal Conveyance:            *                ft. 
Operating Factor:                 hrs/day,                            days/yr | 
Fed by:    LIMESTONE FEED HOPPER H-2002                            I Discharge to:     CIRCULATING BED COMBUSTOR F-2001 
Equipment Operation:   Continuous           X   Intermittent                             On Demand                            Reversing                     Other:   VARIABLE SPEED 

Past Experience: 

16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
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Conveyor TvDe: Belt '                 Roller                  Pan            Apron                   Draq Flight                    Other:         SCREW TYPE 
Width:          *                                                                                           Inches Length:                 4                                                                                           ft. 
Speed:         *                                                                                            ft./min. Incline              /Decline                     ;                           Deqrees from Horizontal 

Weiaht:       *                                                                                      lbs Loaded Weiqht:              *                                                                                         lbs 

Enclosure: Open                Covered        X      Sealed       X      Inert Atmosphere                    Other: 
Enclosure Seal:        HIGH TEMPERATURE GASKET 

BELT   CONVEYOR 
Support Type:   Idler                     Roller                           Flat Plate                       Other: 
Idler/Piate Arranqement:   Flat                         Trouqhed                                         1 Trough Incline:                                                                                                 Degrees 
Roller Si7e-                      Inches  1 Roller Spacing:                Inches   1 Impact Roller Size:                     Inches  I Impact Roller Spacing:                                         Inches 
Head Pulley Length:                                                                                  Inches Head Pulley Diameter:                                                                                        Inches 

Tail Pulley Length:                                                                                     Inches Tail Pulley Diameter:                                                                                           Inches 

Belt Type: Belt Chevrons:                      Type: 

Belt Cleaner:                       Type:   Scraper                     Brush                             Wire                     Other: 
Skirt Plate: Yes             No           I Skirt Depth:                                                           Inches  | Skirt Width:                                                                                      Inches 

CONTINUOUS   FLOW   CONVEYOR 
Chain Type:                                                                                                            1 Chain Pitch:                                                                                                         Inches 

Pan Type: 
Bearinq Spacing:     *                                                                                Inches Bearinq Type:       * 

Pan Width:                                Inches  I Pan Depth:                                 Inches Pan Thickness:                           Inches  | 

Attachment to Chain: 
Roller Diameter:                                                                                        Inches Roller Type: 

Headshaft Diameter:                                                                                  Inches Type Sprocket 
Tailshaft Diameter:                                                                                     Inches Type Sprocket 

Flite Pitch:               * 
41 
42 
43 
44 
45 

M 
A 
T 

i 
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Belt/Pan: Rollers: 
Idlers: Scraper: 
Flites:       CARBON STEEL Enclosure:        CARBON STEEL 

Shaft:      SCH. 80 PIPE, CARBON STEEL Sprocket: 
Screw:      CARBON STEEL Trouqh:             CARBON STEEL 

46 
47 
48 
49 
50 
51 
52 
53 

D 
R 

1 
V 
E 
R 

Type:   Direct                      Gear                   V-Belt          X            Other: Frame:         * 

Electric Motor Make:      * Mounted By:      VENDOR Enclosure:        TEFC 

Insulation:                           1 Temp. Rise:                                 deg F Volts:        460                  Phase:           3            Cycle:        60 

Estimated BHP Required:        *                hp | Nominal Motor Size:                 *                hp Speed:      1800        rpm | 

Speed Reducer:   Integral                  Separate            *            ] Ratio:           * Mfr:              * 

Model:         *                                                                                                        1 Class: 

CONVEYOR TO BE EQUIPPED WITH A VARIABLE SPEED DRIVE. 
54 
55 
56 
57 

M 
1 

S 
C 

Shop Tests Required:                       * 
Mechanical Drawinq No's:                 * 
Other: 

58 
59 
60 
61 VENDOR TO COMPLETE INFORMATION MARKED * 
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IT CORP SPEC. NO. 

LT. CORPORATION 
POLLUTION CONTROL ENGINEERING 

PUMP SPECIFICATION 
NO BY DATE REV. SHEET     1         OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                     20 
AREA NAME:               CBC 
TAG NO.:                      P-2001 
EQUIPMENT NAME:      COOLING WATER 

RECIRCULATION 
PUMP 

2 

JOB NO. 

322243 
EXISTING OR NEW? 

NEW 
3 BY 

WMS 

APPR 

PA 

DATE 

11/30/94 

1 
2 
3 
4 
5 
6 
7 

C 
O 
N 
D 
T 
N 
S 

Manufacturer:       *                                                                           I Model No.:    * 
No. of Units:          ONE 
Liquid Pumped:    WATER Max. Capacity at P.T: 50   gpm Discharge Press.:          103            ft. 
Pu mping Temp.:   150 deg F      I Sp. Gr. @ P.T.:     1.0 Suction Press                      psia Viscosity© P.T:               1            cP 

Differential Press.:                 psi   | Differential Head:                 Ft. Vapor Pressure @ P.T.:       psia NPSH Available:                               ft. 
Corrosion or Errosion Factors: NPSH Required:            *                 ft. 

8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 
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T 
A 
I 
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Horizontal or Vertical Arrangement?   HORIZONTAL Single or Double Suction?   SINGLE 
CW OR CCW Direction of Rotation Facing Pump Coupling:     CW Case Design Press.:     *      psig^ Max. Allow. W.P.:          *             psig 
Number of Stages: Speed:             *                  rpm Shut-off Press.:                  feet Vol. Eff. @ Rating:         *                 % 

Barrel: Split? Horizontal?   HORIZONTAL Vertical? 
Impeller: Type: Max. Diameter:        * Min. Diameter:          *           Inches 
Actual Imp. Dia.:      *           Inch Vent and Drain Tapped? Thrust Bearing Type: Radial Bearing Type: 
Nozzles Size Rating Facing Location Bearing Lub. Type: 
Suction * 150# FF END Oiler?       * Oiler Type:                * 
Discharge * 150# FF TOP Coupling Mfr.: Coupling Model: 
Vents Baseplate?           YES Type Baseplate:    INTEGRAL 
Drains * UNC BOTTOM Water Cooling: Csng, Stffg Bx, Brgs, Pdstl, Glnd or none?              * 
Cooling H20 Total Water Req'd:       *      gpm Smothering Gland?         * 
Stuffing Box Lubrication: Oil, Grease or None?     * Type Packing:         * Seal Oil Connection?       * 
MECHANICAL SEAL: Furnished By:          * Manufacturer:          * Type:                * 
Single or Double?          * Inside or Outside? Balanced or Unbalanced? 
Rotary Unit: Seal Ring Mtrl: Face Material: Shaft Packing:          * 
Insert: Reversible? Face Material: 
Insert Mounting: Clamped, O-Ring or Press Fit? 
Gland:                                      | Plain? Carbon Throttle Bushing? 
Gland Stuffing Box Machined & Tapped for: Dead End Lub.? Circulating Lub.? 
Rushing Seal Faces with Discharge Bypass? Quenching? Vent & Drain? 
Rushing Seal Faces with External Ruid? Auxilliary Stuffing Box Required? 

Weight of Pump:      *           lbs. Weight of Base:       *          lbs. Weight of Driver:      *          lbs. Shipping Weight:                           lbs. 
31 
32 
33 

M 
T 
L 

Casing & Covers: CAST IRON Shaft: Casing wear Rings:         * Shaft Sleeves:          * 
Impeller:           * Lantern Rings:         * Impeller Wear Rings: Stuffing Box Bushings: 
Glands:            * Gaskets: 

34 
35 
36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 

D 
R 
I 

V 
E 
R 

Furnished By: PUMP  MGFR Elec. or Steam Turbine?      ELEC Direct, Gear, V-Belt or Rope?    V-BELT 
ELECTRIC MOTOR: Mfr.: STEAMTURBINE: Mfr.: 

Mounted By: PUMP  MGFR Enclosure:            TEFC Mounted By: Model: 
Speed:        1800               rpm Service Factor:     1.15 Horsepower:                        HP Water Rates:                  Lbs/Hr 
Volts:           460 Temp. Rise: Speed                               rpm Vacuum (if any): 
Phase:         3 Insulation: Inlet Steam Press.: Inlet Steam Temp.: 
Cycles:        60 Frame:                     * Normal:                          psig Normal:                   deg. F 
Nominal Size:        5             HP Est. BHP Req'd:            4.0            HP Max.:                              psig Max.:                       deg F 

SPEED REDUCERS: Mfr.: Backpressure:                    psig 
Ratio: Model: Nozzles Size Rating Facing Location 
Integral or Separate? Class: Inlet 

Exhaust 
See Driver Specification No.: 

47 
48 
49 
50 

T 
E 
S 
T 

Performance Curve?    YES        | Certified? M 
I 
S 
C 

Serial Number:        * 
Curve No.:               * Outline Drawing Number:                       * 
Hydrotest?            YES Pressure:                    psig Cross Section Drawing Number:            * 
Witness Testing?  NO Shop Inspection?         NO 

51 
52 
53 
54 
55 

N 
O 
T 
E 
S VENDOR TO COMPLETE INFORMATION MARKED * 
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CONVEYOR ITCORPSPEC.NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

SPECIFICATION 
NO BY DATE REV. SHEET         1    OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                  30 
AREA NAME:             CBC 
TAG NO.:                    H-2001 
EQUIPMENT NAME:  ASH COOLER 

CONVEYOR 

2 JOB NO. 

322243 
LOCATION 

3 
BY 

WMS 

APPR 

PA 

DATE 

11/30/94 

1 Oiiantitv:  ONE         1                                                                                                                                                                                                    

2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
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Material Conveyed:     BED MATERIAL, ASH                                     I Material Form: Sludge         Solid         X        Other: 

Density'    20 — 50 Ib/ft3 | Temperature:     1,600      deqF| Viscosity:                        cp I Particle Size: Max.      1/4   Inches - Min.                               Inches 

Moisture Content:       Dry      X            Wet                                                                                 % I Free Liquid:       Yes               No     X                                 % 

Material Reactions:     NONE                       Hardens                       Calcifies                         Other: 

Corrosion or Erossion Factors:      MODERATELY EROSSIVE 

Vapor Formation: Yes            No     X   | Vapor Collection: Yes              No     X   I Vapors Formed: 

Service Location: Indoors      X   Outdoors      X  I                                                                                                                                                            

Location Description:                                                                                                                  ,   

O 

P 

R 

T 

N 

G 

Capacity: Normal:      0.30         ton/hr; Maximum:         0.50       ton/hr | Elevation  Sain:            4                 ft. I Honzontal Conveyance:           *                ft. 

Operating Factor:                hrs/dav,                             days/yr | 

Fed by:    CIRCULATING BED COMBUSTOR F-2001                    I Discharge to:     ASH BIN T-2001 

Equipment Operation:  Continuous           X   Intermittent                            On Demand                           Reversing                      Other:   VARIABLE SPEED 

Past Experience:  
SCREW TO SERVE AS CONVEYOR AS WELL AS HEAT EXCHANGER: SOLIDS OUTLET TEMP. 200 dea. F. 

16 
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ConvevorTvrje: Belt   -                 Roller                    Pan             Apron                    Draa Flight                     Other:          WATER COOLED SCREW 

Width:          *                                                                                           Inches Length:                 *                                                                                                    «■ 

Speed:        *                                                                                           tt./min. Incline      X      /Decline                       ;              *            Degrees from Horizontal 

Weiaht:       *                                                                                          lbs Loaded Weight:             *                                                                                    lbs 

Enclosure: Open                 Covered        X      Sealed       X      inert Atmosphere                     Other: 

Enclosure Seal:         HIGH TEMPERATURE GASKET 
BELT   CONVEYOR 

Support Type:   Idler                    Roller                           Flat Plate                      Other: 

Idler/Plate Arranqement:   Flat                         Trouahed                                        1 Trough Incline:                                                                                                 Degrees 

RnllprRiyp-                       Inches  1 Roller SDacina:                Inches  1 Impact Roller Size:                     Inches  ] Impact Roller Spacing:                                         Inches 

Head Pulley Length:                                                                                 Inches Head Pulley Diameter:                                                                                         Inches 

Tail Pulley Lenqth:                                                                                    Inches Tail Pulley Diameter:                                                                                           Inches 

Belt Type: Belt Chevrons:                     Type: 

Belt Cleaner:                        Type:   Scraper                      Brush                            Wire                     Other: 

Skirt Plate: Yes              No          | Skirt Depth:                                                           Inches  | Skirt Width:                                                                                       Inches 

CONTINUOUS   FLOW   CONVEYOR 
Chain Type:                                                                                                           1 Chain Pitch:                                                                                                        Inches 

Pan Type: 

Bearinq Spacing:     *                                                                               Inches Bearinq Type:       * 

Pan Width:                                 Inches  | Pan Depth:                               Inches Pan Thickness:                        Inches  | 

Attachment to Chain: 

Roller Diameter:                                                                                        Inches Roller Type: 

Headshaft Diameter:                                                                                 Inches Type Sprocket 

Tailshatt Diameter:                                                                                    Inches Type Sprocket 

Flite Pitch:                 * 

41 
42 
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Belt/Pan: Rollers: 

Idlers: Scraper: 

Flites:      CARBON STEEL Enclosure:        CARBON STEEL 

Shaft:      SCH. 80 PIPE, CARBON STEEL Sprocket: 

Screw:      CARBON STEEL Trough:            CARBON STEEL 

46 
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Tvr»-   Oirfict        X             Gear                     V-Belt                           Other: Frame:         * 

Electric Motor Make:       * Mounted By:      VENDOR Enclosure:        TEFC 

Insulation:                              Temp. Rise:                                 deg F Volts:        460                  Phase:          3            Cycle:        60 

Estimated BHP Required:        *                hp 1 Nominal Motor Size:                5                 hp Speed:      1800        rpm I 

Speed Reducer:   Integral                  Separate            *            I Ratio:           * Mfr:             * 

Model:         *                                                                                                        1 Class: 

CONVEYOR TO BE EQUIPPED WITH A VARIABLE SPEED DRIVE. 
54 
55 
56 
57 

M 
1 
S 
C 

Shop Tests Required:                       * 

Mechanical Drawing No's:                * 

Other: 

1. MATERIAL HEAT CAPACITY = 0.25 Btu/lb-dea.F 

58 2. COOLING WATER: FLOW =   * INLET TEMP. =     * OUTLET TEMP. =         * 
59 INLET PRESSURE =     * PRESSURE DROP =   * 
60 
61|   VENDOR TO COMPLETE INFORMATION MARKED * 
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HOMHbH 
SPECIFICATION 

IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REV. SHEET     1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                  30 
AREA NAME:             CBC 
TAG NO.:                     T-2001 
EQUIPMENT NAME:   ASH BIN 

2 

JOB NO. 
322243 

EXISTING OR NEW? 

NEW 
3 BY 

SUM 

APPR 
PA 

DATE 
11/30/94 

1 

2 FUNCTIONAL DATA 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Application:                   Receiving Hot Ash 
Material Handled:          CBC Bed Material, Ash 

Density:                         20 - 50 pcf 

Material Temperature: 
Normal -                200 deg. F 
Maximum -            600 deg. F. 

Capacity: 
Normal-                30lb/hr                                    Particle Size:     1"max. 
Range-                 10to 150 lb/hr                          Moisture:          None 

13 

14 

15 

16 

Operations, Hrs/Day:     12-24                                    Days/Year:       365 

Location:                       Outdoors or in temperary bldg. 

17 

18 SPECIFICATIONS 
19 

20 1. Bin capacity to be 1 cubic yard. 

22 2. Bin to include tote lugs for transportation. 

24 

25 

26 

3. Bin to include hinged inspection lid with entrance port for ash inlet. 

4. Materials of construction to be carbon steel. 

27 

28 

29 

30 
-    - 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

T2001 CBC.WK1 



IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

VERTICAL VESSEL 
NO BY DATE REV. SHEET         1    OF     1 

1 PROJECT NAME 

USAEC 
AREA NO:                       50 
AREA NAME:                   APC 
TAG NO.:                          T-5001 
EQUIPMENT NAME:          PARTIAL 

QUENCH 

2 JOB NO. 
322243 

LOCATION 

3 
BY 

WMS 
APPR 

PA 

DATE 
11/30/04 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

D 
E 
S 
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N 

D 
A 
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Total Volume:             Gal. | Field Erected?      YES No. Units:      ONE 
Operating Pressure, psig 30' W.C. VACUUM 
Inlet Operating Temperature, deg F 1.600 
Outlet Operating Temperature, deg F 400 
Design Pressure, psig 60' W.C. VACUUM 
Design Operating Temperature, deg F 2.200 
Operating Gas Row 5000 ACFM 
Operating Velocity 10 FT PER SECOND 

D Residence Time 3 SECONDS 
No. of Water Guns 2 
Configuration COCURRENT. UP-FLOW 

H D 

Type Supports: 
Insulation:                  EXTERIOR INSULATION 
Fireprooofing:            NONE 
Sandblast:                  NONE                   | Paint: 
MANHOLE:                Hinged?    X | Davited? Other: 
Platform Clips:                   | Ladder Clips: Insul. Rings: 
Pipe Supports: 
Wind Load:   110  MPH           mph Seismic:       ZONE 3 
Weiqht Empty:               *           lbs. Weiqht Full of Water:    N/A          lbs. 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

M 
A 
T 
E 
R 
I 

A 
L 
S 

Item Thicknss Mat'l CIs Mat'l - Minimum Quality 
Shell 1/4' C.S. A-36 
Heads 
Lining 
O.D. 40' 
Length 33 ft 
Nozzle Necks C.S. A-36 
Ranges C.S. A-36 

A iv M.H. Cover 
Supports 
Bolts/Studs 
Nuts 
Gaskets HIGH TEMPERATURE 

\    Ae 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

N 
O 
Z 
z 
L 
E 

S 
c 
H 
E 
D 
U 
L 
E 

Service Mark No. Size Rating Face Type 
INLET OFF-GAS A 1 28" 
OUTLET OFF-GAS B 1 18- 
SOLIDS OUTLET C 1 4' 
NOZZLES D 2 4' c 
POKE-HOLES E 2 4" 
MANWAY F 1 18" 

G 
H 
I 
J 
K 
L 
M 
N 
O 
P 

Nozzle to be Plugged or Blinded * For Further Deta Ns, See Sheet N o.: 

T5001CBC.WK1 
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MISC. SPECIFICATION 
IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REVISION SHEET     1        OF     1 

1 PROJECT NAME 

USAEC 
AREA NO:                     50 
AREA NAME:                 APC 
TAG NO.:                        S-5001 
EQUIPMENT NAME:      BAGHOUSE 

2 JOB NO. 

322243 
LOCATION 

3 
BY 

WMS 

APPR 

PA 

DATE 

11/30/94 

1 QUANTITY DESCRIPTION 

2 

3 1 Process Conditions 

4 

5 

6 

7 

8 

9 

10 

11 

12 

Application:                                     Gas Cleaning System 

Material Handled:                            Fine Particulate 

Flue gas Flow:                                 3500 ACFM 
Flue Gas Pressure:                          Operating: 35" W.C. vacuum; Design: 60" W.C. vacuum 

Flue Gas Temperature:                   400 to 450 deg. F 

Flue Gas Moisture:                          50% by volume 
Inlet Particulate Loading:                 79 lb per hour 
Outlet Particulate Loading:               Less than or equal to 0.01 gr/dscf @ 7% oxygen 

14 Specifications: 

16 

17 

18 

19 

20 

21 

22 

23 

Air/cloth Ratio:                                 3:1 
Number of Modules:                        Four 
Cleaning Method:                            Pulse jet (on-line cleaning) 
Maximum Pressure Drop:                6" W.C. 
Materials of Construction:                - A-36 carbon steel housing/reinforcement supports 

- Galvanized steel mesh bag cages 
- Woven fiberglass bags. 

Approximate Dimensions:                13 ft x 17ft x 26 ft high (includes 4 ft bottom clearance) 

25 Miscellaneous 

26 

27 

28 

29 

- System including module main housing, top lid assemply with tube sheet for 
bag support, structural support and access platform, manifolds and inlet dampers 

.  between modules. 

30 

31 

32 

- Include C.S. hoppers, inlet vane baffle, access doors, level indicators, poke 
holes, vibrators, hopper heaters, and strike plates. 

34 

35 

36 

37 

38 

39 

40 

- Baghouse to be fully insulated (2 inches minimum). 

S500 1CBC.WK1 
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MISC. SPECIFICATION 
IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING NO BY DATE REVISION SHEET     1        OF     1 

1 PROJECT NAME 

USAEC 
AREA NO: 50 2 JOB NO. 

AREA NAME:                APC 
TAG NO.:                       H-5001 
EQUIPMENT NAME:      ROTARY 

AIRLOCK 

322243 
LOCATION 

3 
BY APPR DATE 

WMS PA 11/30/94 

1 QUANTITY DESCRIPTION 

2 

3 1 FUNCTION DATA 

4 

5 Application:                                    Processing Gas Cleaning System Dust 

6 Material Handled:                            Fine Particulate 

7 Density:                                          20 to 50 lb per cubic foot 

8 Material Temperature:                     500 to 700 deg. F 

9 Moisture:                                        No Moisture 

10 Capacity:                                      Average: 10 Ib/hr; Design: 100 Ib/hr 

11 Fed By:                                          Partial Quench T-5001 

12 Operation:                                      24 hours per day 

13 

14 

Location:                                        Outdoors or Indoors 

15 

16 Specifications: 

17 

18 - 1/3 HP motor, 1.15 safety factor, 460V, 3 phase, 60 hz 

19 - Cast iron body construction 

20 - Closed end rotor, A-36 carbon steel construction 

21 - Supply with plant air shaft purge connections 

22 - To be supplied with a zero speed switch 

23 

24 

25 

- Body and side plate ports to facilitate cleanout with compressed air 

■ ■ 26 

27 

28 

29 - 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

H50C 31CBC.WK1 
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MISC. SPECIFICATION 
ITCORPSPEC.NO. ■ I.T. CORPORATION 

POLLUTION CONTROL ENGINEERING NO BY DATE REVISION SHEET     1        OF     1 

1 PROJECT NAME 

USAEC 
AREA NO: 50 2 JOB NO. 

AREA NAME:               APC 
TAG NO.:                       H-5002 
EQUIPMENT NAME:      ROTARY 

AIRLOCK 

322243 
LOCATION 

3 
BY APPR DATE 

WMS PA 11/30/94 

1 QUANTITY DESCRIPTION 

2 

3 1 FUNCTION DATA 

4 

5 Application:                                    Processing Gas Cleaning System Dust 

6 Material Handled:                             Fine Particulate 

7 Density:                                           20 to 50 lb per cubic foot 

8 Material Temperature:                      300 to 500 deg. F 

9 Moisture:                                         No Moisture 

10 Capacity:                                         Average: 70 Ib/hr; Maximum: 100 Ib/hr 

11 Fed By:                                            Baghouse S-5001 

12 Operation:                                       24 hours per day 

13 

14 

Location:                                         Outdoors or indoors 

15 

16 

17 

18 

Specifications: 

- 1/3 HP motor, 1.15 safety factor, 460V, 3 phase, 60 hz 

19 — Cast iron body construction 

20 - Closed end rotor, A-36 carbon steel construction 

21 - Supply with plant air shaft purge connections 

22 - To be supplied with a zero speed switch 

23 

24 

25 

26 

27 

28 

29 

30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

- Body and side plate ports to facilitate cleanout with compressed air 

■ H500 2CBC.WK1 



ITCORPSPEC.NO 

IT. CORPORATION 
POLLUTION CONTROL ENGINEERING 

FAN SPECIFICATION 
NO BY DATE REVISION SHEET 1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                     50 
AREA NAME:                APC 
TAG NO.:                       B-5001 
EQUIPMENT NAME:      INDUCED DRAFT 

FAN 

2 JOB NO. 
322243 

LOCATION 

NEW 3 
BY 

WMS 
APPR 

PA 

DATE 

11J30/94 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 

G 
E 
N 
E 
R 
A 
L 

Manufacturer:       * Model No.:                          * 
No. of Units:         ONE 
Description of Gas and Materials Handled:        COMBUSTION GAS OR AMBIENT AIR 
Flow:             6000           ACFM|S.P.         60              Inches W.G.| Temp.:   60-450          deg. F | Gas Density:       NOTE 2 Lb/Cu.Ft. 

Hours per day operation:       24 
Noise Rating Per Attached Noise Level Spec. No.     * 
WHEEL: Diameter:        *             Inches      Gage and Material of Rims:    *                                               Blades:     * 
HOUSING GAGE & MATERIALS: Scroll                      C.S.                | Sides                        C.S.                    | Tube (Axial)        * 
Performance Curves:   YES| Curve No.:     *                               | Mfr. Size & Type: *                                             | Weight:       *              Lbs. 
R.P.M.:              *          | B.H.P. Required:                   *               | Mech. Efficiency:             * Outlet Velocity:             *                  ft/sec 

BEARINGS:   Type:                                *                          | Make:                             * Manufacturers No.:                   * 
SHAFT: Diameter at Bearings:                     *                 inches       | Diameter at Wheel:                 *          inches 
Distance Between Bearings:                               *                                                     I Distance from Bearing to Fan Wheel:                  * 
Maximum Shaft Speed:                          * 

16 
17 
18 
19 
20 
21 
?? 

C 
N 
T 
R 
F 
G 
L 

Arrangement:                              *                      | Rotation:                          CW                               | Discharge:        BAU 
Single Width?       YES               | Double Width?                                      | Single Inlet?          YES                | Double Inlet? 
SPECIAL FEATURES REQUIRED: Ranged Inlet and Outlet?             YES Drain in Housing?      YES 
Clean Out in Housing?        YES Split Housing?         NO Water Jacketed Bearings?        NO 

Shaft Seals?                YES Inlet or Outlet Dampers?         INLET Other:    GUARDS & SCREENS 

23 
24 
25 
26 
27 
28 
29 

A 
X 

I 
A 
L 

Vertically or Horizontally Mounted? 
Tubeaxial?                                   | Vaneaxial? Arrangement: Rotation: 
TYPE OF INLET AND OUTLET:   Streamlined Inlet? Inlet Cone? Outlet Cone? 
SPECIAL FEATURES REQUIREDAccess Doors? Support Legs? Motor Hood? 
Inlet or Outlet Guard?                   Outside Belt Guard? Banged Inlet & Outlet? Other: 

30 
31 
32 
33 
34 
35 

P 
R 
P 
L 
R 

Horizontally or Vertically Mounted? 
Direct Drive? High Capacity Static Conducting V-Belt Drive? 
SPECIAL FEATURES REQUIRED: Safety Guards? Shutters?                                      | Other: 
Description of Guard & Shutter: 
Adjustable Pitch?                                                                                        I Automatic Variable Pitch? 

36 
37 
38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 

D 
R 

I 
V 
E 
R 

Furnished By:     FAN MFG'R Elec or Steam Turbine?       ELEC Direct, Gear, Belt or V-Rope?               DIRECT 
ELECTRIC MOTOR: Mfr.:          * STEAM TURBINE: Mfr.: 

Mounted By:FAN MFG'R Enclosure:            TEFC Mounted By: Model: 
Speed:            *                  rpm Service Factor:      1.15 Horsepower:                           HP Water Rates:               Lbs/Hr 

Volts:            460 Temp. Rise: Speed                                    rpm Vacuum (if any): 

Phase:            3 Insulation: Inlet Steam Press.: Inlet Steam Temp.: 

Cycles:          60 Frame:                     * Normal:                           psig Normal:                deg. F 

Nominal Size:       75           HP Est. BHP Req'd:    56.7                   HP Max.:                               psig Max.:                    deg F 

SPEED REDUCERS: Mfr.: Backpressure:                       psig 
Ratio: Model: Nozzles Size Rating Facing Location 

Integral or Separate? Class: Inlet 
Exhaust 

SEE DRIVER SPECIFICATION NO.: 
49 
50 
51 
52 
53 
54 
55 

N 
O 
T 
E 
S 

1. FAN SHALL BE SIZED TO OPERATE BETWEEN SEA LEVEL AND 6000 FEET ELEVATION. 
2. GAS DENSITY MAY RANGE FROM 0.04 TO 0.07 LB PER CUBIC FOOT. 
3. VENDOR TO SUPPLY REMOTELY CONTROLLED VARIABLE INLET VANE DAMPER. 

VENDOR TO COMPLETE INFORMATION MARKED ■ * \ 

B5001CBC.WK1 



IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

STACK 
NO BY DATE REV. SHEET         1    OF    1 

1 PROJECT NAME 

USAEC 
AREA NO:                      50 
AREA NAME:                 APC 
TAG NO.:                        Z-5001 
EQUIPMENT NAME:       STACK 

2 JOB NO. 
322243 

LOCATION 

3 
BY 

WMS 

APPR 
PA 

DATE 
11/30/04 

1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 

D 
E 
S 
I 

G 
N 

D 
A 
T 
A 

Total Volume:          Gal.  Field Erected?       YES No. Units:      ONE 

Operating Pressure, psig 2-3" W.C. PRESSURE 
Operating Temperature, deg F 400 
Design Temperature, deg F 500 
Operating Gas Row 3.200 ACFM 
Design Gas Flow 5.000 ACFM 
Design/Operating Velocity 50 FT PER SECOND 

ßh H A 

Type Supports:        SELF STANDING 
insulation:                NONE 
Fireprooofing:          NONE 
Sandblast:               NONE                    | Paint: 
MANHOLE:              Hinged?         | Davited? Other: 
Platform Clips:                | Ladder Clips: Insul. Rings: 
Pipe Supports: 
Wind Load:    110  MPH        mph Seismic:        ZONE 3 
Weiqht Empty:            *           lbs. Weiqht Full of Water:    N/A          lbs. 

24 
25 
26 
27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 

M 
A 
T 
E 
R 
i 

A 
L 
S 

Item Thicknss Mat'l CIs Mat'l - Minimum Quality 

Shell 1/4" C.S. A-36 
Heads 
Lining 
O.D. 18' 
Length 62 ft 
Nozzle Necks OS. A-36 
Ranges C.S. A-36 

M.H. Cover 
Supports 
Bolts/Studs 
Nuts 
Gaskets 

/, 38 
39 
40 
41 
42 
43 
44 
45 
46 
47 
48 
49 
50 
51 
52 
53 
54 
55 

N 
O 
Z 
z 
L 
E 

S 
C 
H 
E 
D 
U 
L 
E 

Service Mark No. Size Rating Face Type 
SAMPLE PORT A 2 4" cv 

SAMPLE PORT B 2 2* 
OFF-GAS C 1 18" V 
DRAIN D 1 2" 

E 
F 
G 
H 
I 
J 
K 
L 
M 
N 
O 
P 

Nozzle to be Plugged or Blinded * For Further Details, S ee Sheet No 

Z5001CBC.WK1 



HOPPLK IT CORP SPEC. NO. 

I.T. CORPORATION 
POLLUTION CONTROL ENGINEERING 

SPECIFICATION 
NO BY DATE REV. SHEET     1        OF              1 

1 PROJECT NAME 

USAEC 
AREA NO:                  50 JOB NO. 

AREA NAME:             APC 
TAG NO.:                    T-5002A.B 
EQUIPMENT NAME:   DUST COLLECTION 

DRUMS 

2 322243 
EXISTING OR NEW? 

NEW 
3 BY APPR       I  DATE 

SUM PA       I 11/30/94 

1 

2 FUNCTIONAL DATA 
3 

4 Application:                   Receiving Hot Ash 

5 Material Handled:          Ash, dust 

6 Density:                         20 - 50 pcf 

7 Material Temperature: 

8 Normal -                400 deg. F 

9 Maximum -            500 deg. F. 

10 Capacity: 
11 Normal -                1 Ib/hr                                      Particle Size:     < 1/32" 

12 Range-                0 to 10 Ib/hr                            Moisture:          None 

13 

14 Operations, Hrs/Day:     12-24                                   Days/Year:        365 

15 Location:                       Outdoors or in temperary bidg. 

16 

17 

18 SPECIFICATIONS 
19 

20 

21 

22 

1. Drum capacity to be 55 gallons. 

2. Drum to include hinged inspection lid with entrance port for ash inlet. 

23 

24 3. Materials of construction to be carbon steel. 

25 

26 

27 

28 

29 _ 
30 

31 

32 

33 

34 

35 

36 

37 

38 

39 

40 

H5002A&B.WK1 



10.0 GENERAL ARRANGEMENT DRAWINGS 

U.S. Army Environmental Center 
Red Water Treatment Technology 
Test Plan and Site Preparation 
Aberdeen Proving Ground, Maryland 

KN\1S85\WP1585W-12-95\D11\E1 
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11.0 ELECTRICAL ONE-LINE DRAWING 

U.S. Army Environmental Center 
Red Water Treatment Technology 
Test Plan and Site Preparation 
Aberdeen Proving Ground, Maryland 

KN\1585\WP1585\01-12-95\D11\E1 
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12.0 MASS AND ENERGY BALANCE OUTPUTS 
(Normal Case, Start-Up Case, and Hot Idle Case) 

U.S. Army Environmental Center 
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12.0 Mass and Energy Balance Outputs 
(Normal Case, Start-Up Case, and Hot Idle Case) 

Mass and Energy Balance Process Strategy. An M&EB was performed on the red 

water feed (heating value = 487 Btu/lb) consisting of 15 percent solids and the balance water. 

A total of three M&EBs were performed for the conceptual design. They are: 

• Normal case 
• Start-up case 
• Hot idle case. 

During the normal case, 1.5 gpm of red water is processed in the incinerator with a cyclone 

exit gas temperature of 1600°F. The gases are then processed in the APCS.  The data from 

this output are used to generate the table that formed the conceptual design basis and also 

used in the preparation of the PFD. 

During the start-up case, there is no red water feed and a natural gas-fired start-up burner is 

used to preheat the combustion air. This burner in turn heats up and circulates the bed 

material.  During this case, the cyclone exit gas temperature is maintained at approximately 

1300°F, which is above the auto ignition temperature of natural gas. The data from this 

output are used to determine the turn down ratio of the system. These data are presented in 

Chapter 5.0. 

During the hot idle case with no feed to the CBC, the cyclone exit gas is maintained at 600°F 

using the start-up burner. The hot gases at 600°F are adequate for keeping the CBC and the 

APCS warm when the system is idle. 
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JOB NO: 322243 JOB DESC: CIRC BED COHBUSTOR, 1.5 GPM RED WATER FLOW, NORMAL CASE    10/20/94 15:32    PAGE 

CLIENT: USAC ENGINEER: SLH DATA FILE: USAC.DAT 

HEAT AND MATERIAL BALANCE PROGRAM VERSION 6.0 

UNIT NO COMBUSTION DEVICE 

1   CIRC. BED/CYCLONE 

BASE CONDITIONS 

ATM PRES (IN. H20): 

BASE TEMP (F): 

TOTAL NUMBER OF FUELS: 

COMBUSTION MODULE 

OPERATING CONDITIONS 

EXIT GAS TEMPERATURE <F> 

EXIT SOLID TEMPERATURE (F) 

PRESSURE DROP (IN.W.C.) 

OUT PRESSURE UN. W.C.) 

RADIATION HEAT LOSS 

HEAT LOSS UNIT 

HEAT INPUT (MM BTU/HR) 

EXCESS AIR (%) FOR OXIDIZED WASTE 

MINIMUM XS AIR (%) FOR OXIDIZED WASTE 

MINIMUM 02 (%) IN EXIT GAS 

AIR TEMPERATURE TO BURNER (F) 

AIR HUMIDITY (LB H20/LB DRY AIR) 

EXCESS AIR FOR AUX FUEL (%) 

NAME OF AUXILIARY FUEL 

QUENCH CODE (1 AIR,2 H20) 

QUENCH H20 TEMPERATURE TO BURNER (F) 

ASH IN EXIT (%) 

MSALT IN EXIT (%) 

ASALT IN EXIT (%) 

FIXED CARBON IN EXIT (%) 

CO/C02 COMBUSTION EFFICIENCY (%) 

FUEL N02 EFFICIENCY (%) 

UNIT 1 

1600.000 

1600.000 

2.000 

404.800 

.630 

MM BTU/HR 

.000 

28.664 

.000 

5.000 

60.000 

.010 

.000 

NAT GAS 

1 

.000 

6.000 

100.000 

100.000 

.000 

99.990 

2.500 

SPECIFIC HEAT MOLECULAR WEIGHT 

(BTU/LB- F) (LB/LB-MOLE) 

406.800 ASH .270 100.000 

60.000 MSALT .270 100.000 

5 ASALT .270 100.000 

FIXED CARBON .220 12.011 

INERT .270 100.000 
PYRO GAS .500 100.000 

ASH MODULE CONDITIONS 

EXIT STEAM DESTINATION 

HEAT LOSS (MM BTU/HR) 

SOLID EXIT TEMPERATURE "(F) 

QUENCH WATER (GPM) 

MOISTURE IN WET ASH (%) 

QUENCH H20 MAKEUP TEMPERATURE (F) 

QUENCH H20 TSS (mg/l) 

QUENCH H20 TDS (mg/l) 

ATMOSPHERE 

.000 

.000 

.000 

.000 

60.000 

.000 

.000 
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ENGINEER: SLM DATA FILE: USAC.DAT 

FUEL TO:  CIRC.  BED/CYCLONE (PER HOUR) 

250 

251 

252 

253 

FUEL NAME * COMPONENT FLOW TO  FURNACE TrKTTKirWWTCWWWKir inr w wwmnr TT W TT tr in« WTCTCTCTC-WWWTCTC-lt 

C H2 02 N2 H20 CL2 S p 

NAT GAS 

PERCENT 73.928 24.431 .891 .750 .000 .000 .000 .000 

POUNDS 83.704 27.662 1.009 .849 .000 .000 .000 .000 

LB-MOLE 6.969 13.721 .032 .030 .000 .000 .000 .000 

NAT GAS 
PERCENT 73.928 24.431 .891 .750 .000 .000 .000 .000 

POUNDS 51.010 16.857 .615 .518 .000 .000 .000 .000 

LB-MOLE 4.247 8.362 .019 .018 .000 .000 .000 .000 

REDSOLID 
PERCENT 20.000 .670 21.000 6.330 .000 .000 4.330 .000 

POUNDS 24.780 .830 26.019 7.843 .000 .000 5.365 .000 

LB-MOLE 2.063 - .412 .813 .280 .000 .000 .167 .000 

REDUATER 
PERCENT .000 .000 .000 .000 100.000 .000 .000 .000 

POUNDS .000 .000 .000 .000 702.100 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 38.971 .000 .000 .000 

TOT FUEL 
POUNDS 159.494 45.349 27.643 9.210 702.100 .000 5.365 .000 

LB-MOLE 13.279 22.495 .864 .329 38.971 .000 .167 .000 
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FUEL TO:  CIRC. BED/CYCLONE (PER HOUR)    (CONTINUED) 

250 

251 

252 

253 

FUEL NAME * ** COMPONENT FLOW TO FURNACE ************************************** 

SI BR2 F2 ASH MSALT ASALT F.CARB      INERTS 

NAT GAS 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 
POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

NAT GAS 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

REDSOLID 

PERCENT .000 .000 .000 .000 2.670 45.000 .000 .000 

POUNDS .000 .000 .000 .000 3.308 55.755 .000 .000 

LB-MOLE .000 .000 .000 .000 .033 .558 .000 .000 

REDWATER 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

TOT FUEL 

POUNDS .000 .000 .000 .000 3.308 55.755 .000 .000 

LB-MOLE .000 .000 .000 .000 .033 .558 .000 .000 
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UNIT 1    CIRC BED/CYCLONE 

*** MASS AND ENERGY IN *** 

FUELS: USE CODE TEMP DEG F 

250 NAT GAS OXD 60.00 

251 NAT GAS OXD 60.00 

252 REDSOLID OXD 60.00 

253 REDUATER OXD 60.00 

351 COMBUSTION AIR 

02 

N2 

H20 

OVERALL TOTAL 

60.00 

60.00 

60.00 

% OF TOTAL 

LB/HR BTU/LB MM BTU/HR HEAT DUTY 

113.224 21800.000 2.468 55.921419 

69.000 21800.000 1.504 34.079197 

123.900 3200.000 .396 8.982662 

702.100 .000 .000 .000000 

981.785 

3252.238 

42.340 

5284.588 . 

.000 

.000 

1059.900 

.000 

.000 

.045 

4.414 

.000000 

.000000 

1.016721 

100.000000 

***    MASS AND ENERGY OUT *** 

350    COMBUSTION GAS OUT 1600.00 DEG F , 404.8 IN. W.C. 

H20 

C02 

CO 

N2 

N02 

02 

S02 

MSALT 

ASALT 

TOTAL  COMBUSTION GAS 

353 HEAT LOSS 

TOTAL  HEAT RELEASED 

354 CO He AVAILABLE 

OVERALL TOTAL 

TOTAL DRY GAS 

LB-MOLES/HR LB/HR BTU/LB MM BTU/HR CONCENTRATION 

63.816 1149.704 1833.457 2.108 .282 LB H20/LB DRY GAS 

13.278 584.365 407.805 .238 9.713 % GAS VOL (DRY) 

.001 .037 411.485 .000 9.714 PPMV (DRY) 

116.406 3261.218 406.902 1.327 85.152 % GAS VOL (DRY) 

.016 .756 376.359 .000 120.233 PPMV (DRY) 

6.835 218.726 377.212 .083 5.000 % GAS VOL (DRY) 

.167 10.719 286.955 .003 1223.945 PPMV (DRY) 

.033 3.308 415.800 .001 .385 GR/DSCF 3 7% 02 

.558 55.755 415.800 .023 

3.784 

6.483 GR/DSCF a 7% 02 

201.110 5284.588 715.983 . 

.630 

4.414 

4343.600 .000 

201.110 5284.588 4.414 

136.704 4075.821 1.651 
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COMBUSTION AIR SUMMARY 

OPERATING CONDITIONS 

TEMPERATURE (F) 

PRESSURE (IN. W.C.) 

FLOW (ACFM) 

UNIT 1 

60.000 

406.800 

928.285 

AIR (DRY) TOTAL (LB/HR) 

AIR (DRY) THEORETICAL (LB/HR) 

AIR (DRY) TOT-THEO (LB/HR) 

EXCESS AIR (%) 

4234.024 

3290.753 

943.271 

28.664 

TOTAL 02 (LB/HR) 

THEO. 02 (LB/HR) 
TOT-THEO. 02 (LB/HR) 

981.785 

763.060 

218.726 

TOTAL N2 (LB/HR) 

THEO. N2 (LB/HR) 

TOT-THEO. N2 (LB/HR) 

3252.238 

2527.693 

724.545 

COMBUSTION GAS SUMMARY 

TEMPERATURE (F) 

PRESSURE (IN. W.C.) 

FLOW (ACFM) 

UNIT 1 

1600.000 

404.800 

5051.309 
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APC HEAT AND MATERIAL BALANCE PROGRAM VERSION 6.0 

PAGE 6 

BASE CONDITIONS AND INCOMING GAS CONDITIONS 

ATMOSPHERIC PRESSURE (IN. H20) 406.80 

BASE TEMPERATURE (DEG F) 60.00 

INLET GAS PRESSURE (IN. H20) 404.80 

INLET GAS TEMPERATURE (DEG F) 1600.00 

PARTICULATE STANDARD INFORMATION 

PARTICULATE STANDARD BASIS 02 

PARTICULATE STANDARD BASIS CONCENTRATION (%)     7.00 
PARTICULATE STANDARD BASIS CONDITION DSCF 

PARTICULATE STANDARD TEMPERATURE (DEG F) 68.00 

UNIT NO APC DEVICE 

1 PART.  QUENCH 

2 BAGHOUSE 

3 ID  FAN 

4 STACK 

RECEIVER 

QUENCH SUMP 

DUSTCOLLECT 

APC DEVICE INFORMATION 

RECYCLE FLOW   (GPM) 

RECYCLE FLOW   (LB/HR) 

OUTLET PRESSURE (IN. H20) 

APC HEAT LOSS (MM BTU/HR) 

UNIT 1 UNIT 2 UNIT 3   UNIT 4 

.00 .00 .00 .00 

.00 .00 .00 .00 
403.80 383.80 407.80 406.80 

.00 .00 .00 .00 

PERCENT REMOVAL DATA UNIT 1 UNIT 2 UNIT 3   UNIT 4 

ASH .00 99.00 .00 .00 
METAL SALTS .00 99.00 .00 .00 
ALKALI SALTS .00 99.00 .00 .00 

RECEIVER DATA UNIT 1 

NO 

UNIT 2 

YES 

UNIT 3 

NO 

UNIT 4 

REC. EXISTENCE NO 
REC. PURGE DESTINATION 0 0 0 0 
REC. PURGE TARGET DIS DIS DIS DIS 
REC. SS REMOVAL EFFICIENCY .00 .00 .00 .00 
REC. HEAT LOSS (MM BTU/HR) .00 .00 .00 .00 

MAKEUP STREAM DATA UNIT 1 UNIT 2 UNIT 3   UNIT 4 

MAKEUP OPTION APC APC REC REC 
MAKEUP FLOW (GPM) 3.10 .00 .00 .00 
MAKEUP TDS  (MG/L) 200.00 .00 .00 .00 
MAKEUP TSS  (MG/L) .00 .00 .00 .00 
MAKEUP TEMP. (DEG F) 60.00 60.00 60.00 60.00 
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NEUTRALIZATION STREAM DATA UNIT 1 UNIT 2 UNIT 3 UNIT 4 

NEUT. OPTION APC APC REC REC 

NEUT. REAGENT NAME NAOH NAOH NAOH NAOH 

NEUT. REAG. TEMP. CDEG F) 60.00 60.00 60.00 60.00 

NEUT. REAG. CONC. (%) 23.00 23.00 20.00 20.00 

STOICHIOMETRIC RATIO 1.00 1.00 1.00 1.00 

OPERATIONAL LIMITS DATA UNIT 1 

MIN. GAS OUT. TEMP. (DEG F) 0. 

PURGE TDS CONCENTRATION (%) 0. 

PURGE TSS CONCENTRATION (%) 0. 

PURGE ACID CONCENTRATION (%) 0. 

UNIT 2   UNIT 3 

0. 

0. 

0. 

0. 

0. 

0. 

0. 

.0. 

UNIT 4 

0. 

0. 

0. 

0. 

OTHER GAS DATA GAS 1 

NAME OF OTHER GAS ATM AIR 

FEED RATE (LB/HR) 775.00 

TEMPERATURE (DEG F) 60.00 

INPUT CODE 2. 

DESTINATION UNIT NUMBER 1. 

OTHER GAS COMP. DATA (LB/HR) GAS 1 

H20 7.75 

N2 589.39 

02 177.86 
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m               CLIENT: USAC ENGINEER: SLM DATA FILE: JSAC.DAT 

m                  UNIT    1      PART. QUENCH 

** MASS AND ENERGY  IN    **                LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

■              350 GAS FROM CIRC.  BED/CYCLONE:   1600.0 DEG F, 404.8 IN. W.C. 

""                              H20                                                         63.816 1149.704 1833.457 2.108 .282 LB H20/LB DRY GAS 

C02                                                         13.278 584.365 407.805 .238 9.713 % DRY GAS VOL 

M                    co                                           .001 .037 411.485 .000 9.714 PPM DRY GAS VOL 

P                              N2                                                         116.406 3261.218 406.902 1.327 85.152 % DRY GAS VOL 

N02                                                             .016 .756 376.359 .000 120.233 PPM DRY GAS VOL 

£                              02                                                             6.835 218.726 377.212 .083 5.000 % DRY GAS VOL 

■                              S02                                                             .167 10.719 286.955 .003 1223.945 PPM DRY GAS VOL 

^                               METAL SALTS                                                .033 3.308 415.800 .001 .385 GR DSCF a    7.0 % 02 

ALKALI SALTS                                           .558 55.755 415.800 .023 6.483 GR DSCF 3   7.0 % 02 

■                      TOTAL FLUE GAS                                         201.110 5284.588 3.784 6.868 GR DSCF a    7.0 % 02 

738 ATM AIR:      60.0 DEGF 
f                              H20                                                             .430 7.750 1059.900 .008 .010 LB H20/LB DRY GAS 

g                            N2                                                        21.038 589.387 .000 .000 79.101 % DRY GAS VOL 

02                                                             5.558 177.863 .000 .000 20.899 % DRY GAS VOL 

a                     TOTAL GAS                                                     27.026 775.000 .008 .000 GR DSCF a    7.0 % 02 

"             651 MAKEUP WATER:      60.0 DEG F 

H20                                                      85.982 1549.051 .000 .000 

■                             TDS                                                             .003 .310 36.000 .000 

■                     TOTAL MAKEUP                                               85.985 1549.361 .000 

&                     OVERALL TOTAL                                           314.121 7608.949 3.792 

^                 ** MASS AND ENERGY OUT **                LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

™             650 GAS TO BAGHOUSE:    439.2 DEG F,    403.8 IN. W.C 

H20                                                       150.228 2706.505 1233.052 3.337 .559 LB H20/LB DRY GAS 

'■                             C02                                                         13.278 584.365 84.275 .049 8.131 % DRY GAS VOL 

\| "                       CO                                                        .001 .037 95.078 .000 8.132 PPM DRY GAS VOL 

N2                                                         137.443 3850.605 94.716 .365 84.166 % DRY GAS VOL 

jm                            N02                                                          .016 .756 78.743 .000 100.651 PPM DRY GAS VOL 

■                            02                                                        12.393 396.588 85.425 .034 7.589 % DRY GAS VOL 

S02                           "   '                             .167 10.719 61.120 .001 1024.607 PPM DRY GAS VOL 

—                             METAL SALTS                                             .033 3.308 102.384 .000 .384 GR DSCF a    7.0 % 02 

■                             ALKALI SALTS                                           .558 55.755 102.384 .006 6.475 GR DSCF a    7.0 % 02 

■                     TOTAL FLUE GAS                                         314.118 7608.639 3.792 6.859 GR DSCF a    7.0 % 02 

M             655 PURGE FROM PART. QUENCH:    439.2 DEG F 

P                             ALKALI SALTS                                           .003 .310 102.384 .000 100.00000 WT % 

TOTAL PURGE                                                      .003 .310 .000 .00000 WT % TSS 

■                     OVERALL TOTAL                                           314.121 7608.949 3.792 

™                      DRY GAS TOTAL                                              163.890 4902.134 .455 
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ENGINEER: SLM DATA FILE: USAC.DAT 

UNIT 2  BAGHOUSE 

** MASS AND ENERGY IN ** 

650 GAS FROM PART. QUENCH: 

H20 

C02 

CO 

N2 

N02 

02 

S02 

METAL SALTS 

ALKALI SALTS 

TOTAL FLUE GAS 

OVERALL TOTAL 

MASS AND ENERGY OUT 

661 GAS TO ID FAN: 439.2 DEG F, 383.8 IN. U.C 

H20 

C02 

CO 

N2 

N02 

02 

S02 

METAL SALTS 

ALKALI SALTS 

TOTAL FLUE GAS 

OVERALL TOTAL 

DRY GAS TOTAL 

LB-MOLES/HR LBS/HR 

EG F, 403.8 IN. W.C. 

150.228 2706.505 

13.278 584.365 

.001 .037 

137.443 3850.605 

.016 .756 

12.393 396.588 

.167 10.719 

.033 3.308 

.558 55.755 

314.118 7608.639 

314.118 7608.639 

LB-MOLES/HR LBS/HR 

83.8 IN. U.C. 

150.228 2706.505 

13.278 584.365 

.001 .037 

137.443 3850.605 

.016 .756 

12.393 396.588 

.167 10.719 

.000 .033 

.006 .558 

313.533 7550.166 

313.533 7550.166 

163.305 4843.661 

BTU/LB MM BTU/HR CONCENTRATION 

1233.052 3.337 .559 LB H20/LB DRY GAS 

84.275 .049 8.131 % DRY GAS VOL 

95.078 .000 8.132 PPM DRY GAS VOL 

94.716 .365 84.166 % DRY GAS VOL 

78.743 .000 100.651 PPM DRY GAS VOL 

85.425 .034 7.589 % DRY GAS VOL 

61.120 .001 1024.607 PPM DRY GAS VOL 

102.384 .000 .384 GR DSCF a 7.0 % 02 

102.384 .006 6.475 GR DSCF 3 7.0 % 02 

3.792 6.859 GR DSCF a 7.0 % 02 

3.792 

BTU/LB MM BTU/HR CONCENTRATION 

1233.052 3.337 .559 LB H20/LB DRY GAS 

84.275 .049 8.131 % DRY GAS VOL 

95.078 .000 8.132 PPM DRY GAS VOL 

94.716 .365 84.166 % DRY GAS VOL 

78.743 .000 100.651 PPM DRY GAS VOL 

85.425 .034 7.589 % DRY GAS VOL 

61.120 .001 1024.607 PPM DRY GAS VOL 

102.384 .000 .004 GR DSCF a 7.0 % 02 

102.384 .000 .065 GR DSCF a 7.0 % 02 

3.786 .069 GR DSCF a 7.0 % 02 

3.786 

.449 
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ENGINEER:  SLM DATA FILE: USAC.DAT 

UNIT    2      DUSTCOLLECT 

** MASS AND ENERGY IN    ** LB-MOLES/HR 

OVERALL    TOTAL .000 

** MASS AND ENERGY OUT ** LB-MOLES/HR 

666 PURGE FROM DUSTCOLLECT: 439.2 DEG F 

METAL SALTS 

ALKALI SALTS 

TOTAL PURGE 

.033 

.552 

.585 

LBS/HR 

.000 

LBS/HR 

3.275 

55.197 

58.472 

BTU/LB MM BTU/HR 

.000 

CONCENTRATION 

BTU/LB MM BTU/HR CONCENTRATION 

102.384 .000 5.60101  WT % 

102.384 .006 94.39899  WT % 

OVERALL TOTAL .585 58.472 .006 
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UNIT 3  ID FAN 

** MASS AND ENERGY IN 

661 GAS FROM BAGHOUSE: 

H20 

C02 

CO 

N2 

N02 

02 

S02 

METAL SALTS 

ALKALI SALTS 

TOTAL FLUE GAS 

682 HEAT OF COMPRESSION- 

OVERALL TOTAL 

** MASS AND ENERGY OUT ** 

672 GAS TO STACK: 456.4 DEG 

H20 

C02 

CO 

N2 

N02 

02 

S02 

METAL SALTS 

ALKALI SALTS 

TOTAL FLUE GAS 

OVERALL TOTAL 

DRY GAS TOTAL 

LB-MOLES/HR LBS/HR 

, 383.8 IN. U.C. 

150.228 2706.505 

13.278 584.365 

.001 .037 

137.443 3850.605 

.016 .756 

12.393 396.588 

.167 10.719 

.000 .033 

.006 .558 

313.533 7550.166 

313.533 7550.166 

LB-MOLES/HR LBS/HR 

7.8 IN. W.C. 

150.228 2706.505 

13.278 584.365 

.001 .037 

137.443 3850.605 

.016 .756 

12.393 396.588 

.167 10.719 

.000 .033 

.006 .558 

313.533 7550.166 

313.533 7550.166 

163.305 4843.661 

BTU/LB MM BTU/HR CONCENTRATION 

1233.052 3.337 .559 LB H20/LB DRY GAS 

84.275 .049 8.131 % DRY GAS VOL 

95.078 .000 8.132 PPM DRY GAS VOL 

94.716 .365 84.166 % DRY GAS VOL 

78.743 .000 100.651 PPM DRY GAS VOL 

85.425 .034 7.589 % DRY GAS VOL 

61.120 .001 1024.607 PPM DRY GAS VOL 

102.384 .000 .004 GR DSCF SI 7.0 % 02 

102.384 .000 .065 GR DSCF 3 7.0 % 02 

3.786 .069 GR DSCF 3 7.0 % 02 

.043 

3.829 

BTU/LB MM BTU/HR CONCENTRATION 

1241.152 3.359 .559 LB H20/LB DRY GAS 

88.465 .052 8.131 % DRY GAS VOL 

99.467 .000 8.132 PPM DRY GAS VOL 

99.071 .381 84.166 % DRY GAS VOL 

82.624 .000 100.651 PPM DRY GAS VOL 

89.437 .035 7.589 % DRY GAS VOL 

64.123 .001 1024.607 PPM DRY GAS VOL 

107.040 .000 .004 GR DSCF a 7.0 % 02 

107.040 .000 .065 GR DSCF a 7.0 % 02 

3.829 .069 GR DSCF a 7.0 % 02 

3.829 

.469 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRC BED COMBUSTOR,  1.5 GPM RED WATER FLOW, NORMAL CASE 10/20/94    15:32 PAGE 12 

ENGINEER: SLH DATA FILE: USAC.DAT 

UNIT    4      STACK 

** MASS AND ENERGY IN ** 

672 GAS FROM ID FAN: 

H20 

C02 

CO 
N2 

N02 
02 
S02 

METAL SALTS 

ALKALI SALTS 

TOTAL FLUE GAS 

OVERALL TOTAL 

** MASS AND ENERGY OUT ** 

H20 

C02 

CO 

N2 

N02 

02 

S02 

METAL SALTS 

ALKALI SALTS 

TOTAL FLUE GAS 

OVERALL TOTAL 

DRY GAS TOTAL 

LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

407.8 IN.  W.C 

150.228 2706.505 1241.152 3.359 .559 LB H20/LB DRY GAS 

13.278 584.365 88.465 .052 8.131 % DRY GAS VOL 

.001 .037 99.467 .000 8.132 PPM DRY GAS VOL 

137.443 3850.605 99.071 .381 84.166 % DRY GAS VOL 

.016 .756 82.624 .000 100.651 PPM DRY GAS VOL 

12.393 396.588 89.437 .035 7.589 % DRY GAS VOL 

.167 10.719 64.123 .001 1024.607 PPM DRY GAS VOL 

.000 .033 107.040 .000 .004 GR DSCF 3    7.0 % 02 

.006 .558 107.040 .000 .065 GR DSCF a    7.0 % 02 

313.533 7550.166 3.829 .069 GR DSCF 3    7.0 % 02 

313.533 7550.166 3.829 

LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

,    406.8 IN. W. C. 
150.228 2706.505 1241.152 3.359 .559 LB H20/LB DRY GAS 

13.278 584.365 88.465 .052 8.131 % DRY GAS VOL 

.001 .037 99.467 .000 8.132 PPM DRY GAS VOL 

137.443 3850.605 99.071 .381 84.166 % DRY GAS VOL 

.016 .756 82.624 .000 100.651 PPM DRY GAS VOL 

12.393 396.588 89.437 .035 7.589 % DRY GAS VOL 

.167 10.719 64.123 .001 1024.607 PPM DRY GAS VOL 

.000 .033 107.040 .000 .004 GR DSCF a    7.0 % 02 

.006 .558 107.040 .000 .065 GR DSCF a   7.0 % 02 

313.533 7550.166 3.829 .069 GR DSCF a   7.0 % 02 

313.533 7550.166 3.829 
163.305 4843.661 .469 



JOB NO: 322243 

CLIENT: USAC 
JOB DESC: CIRC BED COMBUSTOR, 1.5 GPM RED WATER FLOW, NORMAL CASE    10/20/94 15:32    PAGE 13 

ENGINEER: SLM DATA FILE: USAC.DAT 

GAS FLOW SUMMARY AT APC DEVICE OUTLET 

TEMPERATURE PRESSURE FLOW DRY GAS 
UNIT NO STREAM (DEG F) (IN. U.C.) 

403.8 

(ACFM) (SCFM) 

1 PART.  QUENCH 439.2 3455.493 1048.758 

2 BAGHOUSE 439.2 383.8 3635.560 1048.758 

3 ID  FAN 456.4 407.8 3487.233 1048.758 

4 STACK 456.4 406.8 3495.805 1048.758 



JOB NO: 322243 

CLIENT: USAC 
JOB DESC: CIRC BED COMBUSTOR, 1.5 GPM RED WATER FLOW, NORMAL CASE    10/20/94 15:32    PAGE 14 

ENGINEER: SLH DATA FILE: USAC.DAT 

LIQUID FLOW SUMMARY 

MAKEUP STREAMS TO: 

PART. QUENCH 

TOTAL 

DISCHARGE PURGE: 

ORIGINATION SUMP 

PART. QUENCH 

BAGHOUSE 

TOTAL PURGE 

FLOW H20 TEMP D.S. S.S. 

(GAL/MIN) (LB/HR) (DEG F) (LB/HR) (LB/HR) 

3.100 1549.051 60.000 .310 .000 

3.100 1549.051 .310 .000 

TEMP H20 ORGANIC D.S. S.S. ACIDS 

(DEG F) (LB/HR) (LB/HR) (LB/HR) (LB/HR) (LB/HR) 

439.201 .000 .000 .310 .000 .000 

439.201 .000 .000 55.197 3.275 .000 

.000 .000 .000 55.507 3.275 .000 

I 



JOB NO: 322243 JOB DESC: CIRCULATING BED COMBUSTOR, 1300 F, START-UP CASE 9/ 9/94 11:30    PAGE 

CLIENT: USAC ENGINEER: SLM DATA FILE: 1300.DAT 

HEAT AND MATERIAL BALANCE PROGRAM VERSION 6.0 

UNIT NO COMBUSTION DEVICE 

1   CIRC. BED/CYCLONE 

BASE CONDITIONS 

ATM PRES (IN. H20): 

BASE TEMP (F): 

TOTAL NUMBER OF FUELS: 

COMBUSTION MODULE 

OPERATING CONDITIONS 

EXIT GAS TEMPERATURE (F) 

EXIT SOLID TEMPERATURE (F) 

PRESSURE DROP (IN.W.C.) 

OUT PRESSURE (IN. W.C.) 

RADIATION HEAT LOSS 

HEAT LOSS UNIT 

HEAT INPUT (MM BTU/HR) 

EXCESS AIR (%) FOR OXIDIZED WASTE 

MINIMUM XS AIR (%) FOR OXIDIZED WASTE 

MINIMUM 02 (%) IN EXIT GAS 

AIR TEMPERATURE TO BURNER (F) 

AIR HUMIDITY (LB H20/LB DRY AIR) 

EXCESS AIR FOR AUX FUEL (%) 

NAME OF AUXILIARY FUEL 

QUENCH CODE (1 AIR,2 H20) 

QUENCH H20 TEMPERATURE TO BURNER (F) 

ASH IN EXIT (%) 

MSALT IN EXIT (%) 

ASALT IN EXIT (%) 

FIXED CARBON IN EXIT (%) 

CO/C02 COMBUSTION EFFICIENCY (%) 

FUEL N02 EFFICIENCY (%) 

UNIT 1 

1300.000 

1300.000 

.050 

406.750 

.630 

MM BTU/HR 

.000 

52.307 

.000 

7.700 

60.000 

.010 

.000 

NAT GAS 

1 

.000 

6.000 

100.000 

100.000 

.000 

99.990 

2.500 

SPECIFIC HEAT MOLECULAR WEIGHT 

(BTU/LB F) (LB/LB-MOLE) 

406.800 ASH .270 100.000 
60.000 MSALT .270 100.000 

5 ASALT .270 100.000 
FIXED CARBON .220 12.011 
INERT .270 100.000 
PYRO GAS .500 100.000 

ASH MODULE CONDITIONS 

EXIT STEAM DESTINATION 

HEAT LOSS (MM BTU/HR) 

SOLID EXIT TEMPERATURE (F) 

QUENCH WATER (GPM) 

MOISTURE IN WET ASH (%) 

QUENCH H20 MAKEUP TEMPERATURE (F) 

QUENCH H20 TSS (mg/l) 

QUENCH H20 TDS (mg/l) 

ATMOSPHERE 

.000 

.000 

.000 

.000 

60.000 

.000 

.000 



JOB NO: 322243 JOB DESC: CIRCULATING BED COMBUSTOR, 1300 F, START-UP CASE 9/ 9/94 11:30    PAGE 

CLIENT: USAC ENGINEER: SLM DATA FILE: 1300.DAT 

FUEL TO: CIRC. BED/CYCLONE     (PER HOUR) 

FUEL NAME ************************************* COMPONENT FLOW TO FURNACE ************************************** 

C       H2        02        N2 H20 CL2        S P 

250 

251 

NAT GAS 

PERCENT 73.928 24.431 .891 .750 .000 .000 .000 .000 

POUNDS 30.956 10.230 .373 .314 .000 .000 .000 .000 

LB-MOLE 2.577 5.074 .012 .011 .000 .000 .000 .000 

NAT GAS 

PERCENT 73.928 24.431 .891 .750 .000 .000 .000 .000 

POUNDS 14.786 4.886 .178 .150 .000 .000 .000 .000 

LB-MOLE 1.231 2.424 .006 .005 .000 .000 .000 .000 

TOT FUEL 

POUNDS 45.741 15.116 .551 .464 .000 .000 .000 .000 

LB-MOLE 3.808 • 7.498 .017 .017 .000 .000 .000 .000 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC:  CIRCULATING BED COHBUSTOR,  1300 F,  START-UP CASE 

ENGINEER: SLH DATA FILE: 

9/ 9/94    11:30 PAGE    3 

1300.DAT 

FUEL TO:  CIRC.  BED/CYCLONE (PER HOUR)    (CONTINUED) 

250 

251 

FUEL NAME * ** COMPONENT FLOW TO FURNACE ' 

SI BR2 F2 ASH MSALT ASALT F.CARB      INERTS 

NAT GAS 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

NAT GAS 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

TOT FUEL 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR,   1300 F,  START-UP CASE 

ENGINEER: SLM DATA FILE: 

9/ 9/94    11:30 

1300.DAT 

PAGE   4 

UNIT    1 CIRC.  BED/CYCLONE 

250 

251 

*** MASS AND ENERGY IN *** %  OF TOTAL 

FUELS:        USE CODE  TEMP DEG F      LB/HR        BTU/LB MM BTU/HR HEAT DUTY 

NAT GAS        OXD      60.00 41.873 21800.000        .913 66.843081 

NAT GAS        OXD      60.00 20.000 21800.000        .436 31.926784 

351 COMBUSTION AIR 

02 

N2 

H20 

OVERALL TOTAL 

60.00 

60.00 

60.00 

367.521 

1217.442 

15.850 

1662.686 

.000 

.000 

1059.900 

.000 

.000 

.017 

1.366 

.000000 

.000000 

1.230135 

100.000000 

*** MASS AND ENERGY OUT *** 

350 COMBUSTION GAS OUT "   1300.00 DEG F , 406.8 IN. W.C. 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL COMBUSTION GAS 

353 HEAT LOSS 

TOTAL HEAT RELEASED 

354 CO He AVAILABLE 

OVERALL TOTAL 

TOTAL DRY GAS 

LB-MOLES/HR LB/HR BTU/LB MM BTU/HR CONCENTRATION 

8.378 150.935 1666.941 .252 .100 LB H20/LB DRY GAS 

3.808 167.590 318.044 .053 7.434 % GAS VOL (DRY) 

.000 .011 326.009 .000 7.434 PPMV (DRY) 

43.471 1217.895 322.641 .393 84.864 % GAS VOL (DRY) 

.001 .038 294.719 .000 16.168 PPMV (DRY) 

3.944 126.218 298.849 .038 

.736 

7.700 % GAS VOL  (DRY) 

59.603 1662.686 442.404 

.630 

1.366 

4343.600 .000 

59.603 1662.686 1.366 

51.225 1511.751 .484 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC:  CIRCULATING BED COMBUSTOR,  1300 F, START-UP CASE 9/ 9/94    11:30 PAGE    5 

ENGINEER: SLM DATA FILE:  1300.DAT 

COMBUSTION AIR SUMMARY 

OPERATING CONDITIONS 

TEMPERATURE (F) 

PRESSURE (IN. U.C.) 

FLOW (ACFM) 

UNIT     1 

60.000 

406.800 

347.494 

AIR (DRY) TOTAL  (LB/HR) 

AIR (DRY) THEORETICAL (LB/HR) 

AIR (DRY) TOT-THEO (LB/HR) 

EXCESS AIR (%) 

1584.964 

1040.639 

544.324 
52.307 

TOTAL 02 (LB/HR) 

THEO. 02 (LB/HR) 

TOT-THEO. 02 (LB/HR) 

367.521 

241.303 

126.218 

TOTAL N2 (LB/HR) 

THEO. N2 (LB/HR) 

TOT-THEO. N2 (LB/HR) 

1217.442 

799.336 

418.106 

COMBUSTION GAS SUMMARY 

TEMPERATURE (F) 

PRESSURE (IN. W.C.) 

FLOW (ACFM) 

UNIT    1 

1300.000 

406.750 
1276.618 



JOB NO: 322243 JOB DESC: CIRCULATING BED COHBUSTOR, 1300 F, START-UP CASE 9/ 9/94 11:32 

CLIENT: USAC ENGINEER: SLH DATA FILE: 1300.DAT 

APC HEAT AND MATERIAL BALANCE PROGRAM VERSION 6.0 

PAGE 6 

BASE CONDITIONS AND INCOMING GAS CONDITIONS 

ATMOSPHERIC PRESSURE (IN. H20) 406.80 

BASE TEMPERATURE (DEG F) 60.00 

INLET GAS PRESSURE (IN. H20) 406.75 

INLET GAS TEMPERATURE (DEG F) 1300.00 

PARTICULATE STANDARD INFORMATION 

PARTICULATE STANDARD BASIS 02 

PARTICULATE STANDARD BASIS CONCENTRATION (%)      7.00 

PARTICULATE STANDARD BASIS CONDITION DSCF 

PARTICULATE STANDARD TEMPERATURE (DEG F) 68.00 

UNIT NO APC DEVICE 

1 PART. QUENCH 

2 BAGHOUSE 

3 ID FAN 

4 STACK 

RECEIVER 

QUENCH SUMP 

DUSTCOLLECT 

APC DEVICE INFORMATION 

RECYCLE FLOW   (GPM) 

RECYCLE FLOW   (LB/HR) 

OUTLET PRESSURE (IN. H20) 

APC HEAT LOSS (MM BTU/HR) 

UNIT 1   UNIT 2   UNIT 3   UNIT 4 

.00 .00 .00 .00 

.00 .00 .00 .00 

405.75 385.75 415.80 414.80 

.00 .00 .00 .00 

PERCENT REMOVAL DATA 

ASH 

METAL SALTS 

ALKALI SALTS 

UNIT 1   UNIT 2   UNIT 3   UNIT 4 

.00 99.00 .00 .00 

.00 99.00 .00 .00 

.00 99.00 .00 .00 

RECEIVER DATA UNIT 1   UNIT 2   UNIT 3   UNIT 4 

REC. EXISTENCE NO YES NO NO 

REC. PURGE DESTINATION 0 0 0 0 

REC. PURGE TARGET DIS DIS DIS DIS 

REC. SS REMOVAL EFFICIENCY .00 .00 .00 .00 

REC. HEAT LOSS (MM BTU/HR) .00 .00 .00 .00 

MAKEUP STREAM DATA UNIT 1   UNIT 2 UNIT 3 UNIT 4 

MAKEUP OPTION APC APC REC REC 

MAKEUP FLOW (GPM) .65 .00 .00 .00 

MAKEUP TDS  (MG/L) 200.00 .00 .00 .00 

MAKEUP TSS  (MG/L) .00 .00 .00 .00 

MAKEUP TEMP. (DEG F) 60.00 60.00 60.00 60.00 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR, 1300 F, START-UP CASE 

ENGINEER: SLM DATA FILE: 

9/ 9/94 11:32 PAGE 7 

1300.DAT 

NEUTRALIZATION STREAM DATA UNIT 1 UNIT 2   UNIT 3   UNIT 4 

NEUT. OPTION APC APC REC REC 
NEUT. REAGENT NAME NAOH NAOH NAOH NAOH 

NEUT. REAG. TEMP. (DEG F) 60.00 60.00 60.00 60.00 
NEUT. REAG. CONC. (%) 23.00 23.00 20.00 20.00 
STOICHIOMETRIC RATIO 1.00 1.00 1.00 1.00 

OPERATIONAL LIMITS DATA UNIT 1 UNIT 2 UNIT 3 UNIT 4 

MIN. GAS OUT. TEMP. (DEG F) 0. 0. 0. 0. 

PURGE TDS CONCENTRATION (%) 0. 0. 0. 0. 

PURGE TSS CONCENTRATION (%) 0. 0. 0. 0. 

PURGE ACID CONCENTRATION (%) 0. 0. .0. 0. 

OTHER GAS DATA GAS 1 

NAME OF OTHER GAS ATM AIR 
FEED RATE (LB/HR) 163.00 

TEMPERATURE (DEG F) 60.00 

INPUT CODE 2. 
DESTINATION UNIT NUMBER 1. 

OTHER GAS COMP. DATA (LB/HR) 

H20 

N2 

02 

GAS 1 

1.63 

123.96 

37.41 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR, 1300 F, START-UP CASE 

ENGINEER: SLM DATA FILE: 
9/ 9/94 11:32 PAGE 8 

1300.DAT 

UNIT 1  PART. QUENCH 

MASS AND ENERGY IN 

350 GAS FROM CIRC. BED/CYCLONE: 1300.0 DEG F, 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL FLUE GAS 

60.0 DEG F 738 ATM AIR: 

H20 

N2 

02 

TOTAL GAS 

651 MAKEUP WATER:  60.0 DEG F 

H20 

TDS 

TOTAL MAKEUP 

LB-MOLES/HR LBS/HR 

0.0 DEG F, 406.8 IN. U.C 

8.378 150.935 

3.808 167.590 

.000 .011 

43.471 1217.895 

.001 .038 

3.944 126.218 

59.603 1662.686 

.090 1.630 

4.425 123.962 

1.169 37.409 

5.684 163.000 

18.028 324.801 

.001        .065 

18.029 324.866 

BTU/LB MM BTU/HR CONCENTRATION 

1666.941 .252 .100 LB H20/LB DRY GAS 

318.044 .053 7.434 % DRY GAS VOL 

326.009 .000 7.434 PPM DRY GAS VOL 

322.641 .393 84.864 % DRY GAS VOL 

294.719 .000 16.168 PPM DRY GAS VOL 

298.849 .038 7.700 % DRY GAS VOL 

.736 .000 GR DSCF a 7.0 % 02 

1059.900 .002 .010 LB H20/LB DRY GAS 

.000 .000 79.101 % DRY GAS VOL 

.000 .000 20.899 % DRY GAS VOL 

.002 .000 GR DSCF 3 7.0 % 02 

.000 .000 

36.000 .000 

.000 

OVERALL TOTAL                 83.316 2150.552 

** MASS AND ENERGY OUT **      LB-MOLES/HR LBS/HR 

650 GAS TO BAGHOUSE: 429.0 DEG F, 405.8 IN. U.C. 

H20                      26.497 477.366 

C02                       3.808 167.590 

CO                         .000 .011 

N2                       47.896 1341.856 

N02                        .001 .038 

02                        5.113 163.626 

TOTAL FLUE GAS                83.315 2150.487 

655 PURGE FROM PART. QUENCH: .429.0 DEG F 

ALKALI SALTS                .001 .065 

TOTAL PURGE                    .001 .065 

OVERALL TOTAL                 83.316 2150.552 

DRY GAS TOTAL                 56.819 1673.121 

.737 

U/LB MM BTU/HR CONCENTRATION 

28.285 .586 .285 LB H20/LB DRY GAS 

81.816 .014 6.702 % DRY GAS VOL 

92.493 .000 6.703 PPM DRY GAS VOL 

92.151 .124 84.297 % DRY GAS VOL 

76.465 .000 14.576 PPM DRY GAS VOL 

83.064 .014 8.999 % DRY GAS VOL 

.737 .000 GR DSCF a 7.0 % 02 

99.639 .000 100.00000 WT % 

.000 .00000 WT % TSS 

.737 

.151 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC:  CIRCULATING BED COMBUSTOR,   1300 F,  START-UP CASE 

ENGINEER: SLM DATA FILE: 

9/ 9/94    11:32 PAGE    9 

1300.DAT 

UNIT    2      BAGHOUSE 

** MASS AND ENERGY IN    ** LB-HOLES/HR LBS/HR 

650 GAS FROM PART. QUENCH:    429.0 DEG F,    405.8 IN. U.C. 

H20 26.497 477.366 

C02 3.808 167.590 

CO .000 .011 

N2 47.896 1341.856 

N02 .001 .038 

02 5.113 163.626 

TOTAL FLUE GAS 83.315 2150.487 

OVERALL TOTAL 83.315 2150.487 

** MASS AND ENERGY OUT ** LB-MOLES/HR LBS/HR 

661 GAS TO ID FAN: 429.0 DEG F, 385 .8 IN. U.C. 

H20 26.497 477.366 

C02 3.808 167.590 

CO .000 .011 

N2 47.896 1341.856 

N02 .001 .038 

02 5.113 163.626 

TOTAL FLUE GAS 83.315 2150.487 

OVERALL TOTAL 83.315 2150.487 

DRY GAS TOTAL 56.819 1673.121 

BTU/LB MM BTU/HR CONCENTRATION 

1228.285 .586 .285 LB H20/LB DRY GAS 

81.816 .014 6.702 % DRY GAS VOL 

92.493 .000 6.703 PPM DRY GAS VOL 

92.151 .124 84.297 % DRY GAS VOL 

76.465 .000 14.576 PPM DRY GAS VOL 

83.064 .014 8.999 % DRY GAS VOL 

.737 .000 GR DSCF 3    7.0 % 02 

.737 

BTU/LB MM BTU/HR CONCENTRATION 

1228.285 .586 .285 LB H20/LB DRY GAS 

81.816 .014 6.702 % DRY GAS VOL 

92.493 .000 6.703 PPM DRY GAS VOL 

92.151 .124 84.297 % DRY GAS VOL 

76.465 .000 14.576 PPM DRY GAS VOL 

83.064 .014 8.999 % DRY GAS VOL 

.737 .000 GR DSCF 3    7.0 % 02 

.737 

.151 



JOB NO: 322243                           JOB DESC: CIRCULATING BED COMBUSTOR,  1300 F,  START-UP CASE 9/ 9/94    11:32          PAGE 10 

CLIENT: USAC ENGINEER: SLM DATA FILE:  1300.DAT 

UNIT    2      DUSTCOLLECT 

** MASS AND ENERGY IN **                LB-HOLES/HR LBS/HR BTU/LB            MM BTU/HR          CONCENTRATION 

OVERALL    TOTAL                                              .000 .000 .000 

** MASS AND ENERGY OUT **                LB-MOLES/HR LBS/HR BTU/LB            MM BTU/HR          CONCENTRATION 

OVERALL TOTAL                                                    .000 .000 .000 



JOB NO: 322243 

CLIENT:  USAC 

JOB DESC:  CIRCULATING BED  COMBUSTOR,   1300  F,  START-UP CASE 9/ 9/94    11:32 PAGE 11 

ENGINEER:  SLM DATA FILE:   1300.DAT 

UNIT    3      ID FAN 

** MASS AND ENERGY IN ** LB-HOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

661 GAS FROM BAGHOUSE: 429.0 DEG F, 385.8 IN. U.C. 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL FLUE GAS 

682 HEAT OF COMPRESSION 

26.497 

3.808 

.000 

47.896 

.001 

5.113 

83.315 

477.366 

167.590 

.011 

1341.856 

.038 

163.626 

2150.487 

OVERALL TOTAL 83.315 2150.487 

** MASS AND ENERGY OUT ** LB-MOLES/HR LBS/HR 

672 GAS TO STACK: 450.7 DEG F, 415.8 IN. U.C. 

H20 26.497 477.366 

C02 3.808 167.590 

CO .000 .011 

N2 47.896 1341.856 
N02 .001 .038 

02 5.113 163.626 

TOTAL FLUE GAS 83.315 2150.487 

OVERALL TOTAL 83.315 2150.487 
DRY GAS TOTAL 56.819 1673.121 

1228.285 .586 .285 LB H20/LB DRY GAS 
81.816 .014 6.702 % DRY GAS VOL 
92.493 .000 6.703 PPM DRY GAS VOL 
92.151 .124 84.297 % DRY GAS VOL 
76.465 .000 14.576 PPM DRY GAS VOL 
83.064 .014 8.999 % DRY GAS VOL 

.737 .000 GR DSCF 3 7.0 % 02 

.014 

.751 

BTU/LB MM BTU/HR CONCENTRATION 

1238.474 .591 .285 LB H20/LB DRY GAS 

87.078 .015 6.702 % DRY GAS VOL 
98.016 .000 6.703 PPM DRY GAS VOL 
97.632 .131 84.297 % DRY GAS VOL 
81.339 .000 14.576 PPM DRY GAS VOL 
88.110 .014 8.999 % DRY GAS VOL 

.751 .000 GR DSCF SI 7.0 % 02 

.751* 

.160 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR,   1300 F, START-UP CASE 

ENGINEER:  SLM DATA FILE: 

9/ 9/94    11:32 PAGE 12 

1300.DAT 

UNIT    4      STACK 

MASS AND ENERGY IN 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL FLUE GAS 

OVERALL TOTAL 

MASS AND ENERGY OUT 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL FLUE GAS 

OVERALL TOTAL 

DRY GAS TOTAL 

LB-MOLES/HR LBS/HR 

415.8 IN. U.C 

26.497 477.366 

3.808 167.590 

.000 .011 

47.896 1341.856 

.001 .038 

5.113 163.626 

83.315 2150.487 

83.315 2150.487 

LB-MOLES/HR LBS/HR 

, 414.8 IN. U .C. 

26.497 477.366 

3.808 167.590 

.000 .011 

47.896 1341.856 

.001 .038 

5.113 163.626 

83.315 2150.487 

83.315 2150.487 

56.819 1673.121 

BTU/LB MM BTU/HR CONCENTRATION 

1238.474 .591 .285 LB H20/LB DRY GAS 

87.078 .015 6.702 % DRY GAS VOL 

98.016 .000 6.703 PPM DRY GAS VOL 

97.632 .131 84.297 % DRY GAS VOL 

81.339 .000 14.576 PPM DRY GAS VOL 

88.110 .014 8.999 % DRY GAS VOL 

.751 .000 GR DSCF 3 7.0 % 02 

.751 

BTU/LB MM BTU/HR CONCENTRATION 

1238.474 .591 .285 LB H20/LB DRY GAS 

87.078 .015 6.702 % DRY GAS VOL 

98.016 .000 6.703 PPM DRY GAS VOL 

97.632 .131 84.297 % DRY GAS VOL 

81.339 .000 14.576 PPM DRY GAS VOL 

88.110 .014 8.999 % DRY GAS VOL 

.751 .000 GR DSCF 3 7.0 % 02 

.751 

.160 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR,   1300 F,  START-UP CASE 9/ 9/94    11:32 PAGE 13 

ENGINEER:  SLH DATA FILE:   1300.DAT 

GAS FLOW SUMMARY AT APC DEVICE OUTLET 

TEMPERATURE PRESSURE FLOW DRY GAS 

UNIT NO STREAM (DEG F) (IN. U.C.) 

405.8 

(ACFM) (SCFM) 

1 PART. QUENCH 429.0 903.496 364.906 

2 BAGHOUSE 429.0 385.8 950.339 364.906 

3 ID FAN 450.7 415.8 903.201 364.906 

4 STACK 450.7 414.8 905.379 364.906 



JOB NO: 322243 

CLIENT:  USAC 

JOB DESC:  CIRCULATING BED COMBUSTOR,  1300 F, START-UP CASE 9/ 9/94    11:32 PAGE 14 

ENGINEER: SLH DATA FILE:  1300.DAT 

LIQUID  FLOW SUMMARY 

MAKEUP STREAMS TO: 

PART. QUENCH 

TOTAL 

DISCHARGE PURGE: 

ORIGINATION SUMP 

PART. QUENCH 

TOTAL PURGE 

FLOW H20 TEMP D.S. S.S. 

(GAL/MIN) (LB/HR) (DEG F) (LB/HR) (LB/HR) 

.650 324.801 60.000 .065 .000 

.650 324.801 .065 .000 

TEMP H20 ORGANIC D.S. S.S. ACIDS 

(DEG F) (LB/HR) (LB/HR) (LB/HR) (LB/HR) (LB/HR) 

429.032 .000 .000 .065 .000 .000 

.000 .000 .000 .065 .000 .000 



JOB NO: 322243 JOB DESC: CIRCULATING BED COHBUSTOR, 600 F, HOT IDLE CASE 9/ 9/94 11:38    PAGE 1 

CLIENT: USAC ENGINEER: SLM DATA FILE: IDLE.DAT 

HEAT AND MATERIAL BALANCE PROGRAM VERSION 6.0 

UNIT NO COMBUSTION DEVICE 

1   CIRC. BED/CYCLONE 

BASE CONDITIONS 

ATM PRES (IN. H20): 

BASE TEMP (F): 

TOTAL NUMBER OF FUELS: 

COMBUSTION MODULE 

OPERATING CONDITIONS 

EXIT GAS TEMPERATURE (F) 

EXIT SOLID TEMPERATURE (F) 

PRESSURE DROP (IN.W.C.) 

OUT PRESSURE (IN. W.C.) 

RADIATION HEAT LOSS  - 

HEAT LOSS UNIT 

HEAT INPUT (MM BTU/HR) 

EXCESS AIR (%) FOR OXIDIZED WASTE 

MINIMUM XS AIR (%) FOR OXIDIZED WASTE 

MINIMUM 02 (%) IN EXIT GAS 

AIR TEMPERATURE TO BURNER (F) 

AIR HUMIDITY (LB H20/LB DRY AIR) 

EXCESS AIR FOR AUX FUEL (%) 

NAME OF AUXILIARY FUEL 

QUENCH CODE (1 AIR,2 H20) 

QUENCH H20 TEMPERATURE TO BURNER (F) 

ASH IN EXIT (%) 

MSALT IN EXIT (%) 

ASALT IN EXIT (%) 

FIXED CARBON IN EXIT (%) 

CO/C02 COMBUSTION EFFICIENCY (%) 

FUEL N02 EFFICIENCY (%) 

UNIT 1 

600.000 

600.000 

.050 

406.750 

.630 

MM BTU/HR 

.000 

216.376 

.000 

50.000 

60.000 

.010 

.000 

NAT GAS 

1 

.000 

6.000 

100.000 

100.000 

.000 

99.990 

2.500 

SPECIFIC HEAT MOLECULAR WEIGHT 

(BTU/LB- F) (LB/LB-MOLE) 

406.800    ASH .270 100.000 

60.000 MSALT .270 100.000 
5       ASALT .270 100.000 

FIXED CARBON .220 12.011 

INERT .270 100.000 

PYRO GAS .500 100.000 

ASH MODULE CONDITIONS 

EXIT STEAM DESTINATION 

HEAT LOSS (MM BTU/HR) 

SOLID EXIT TEMPERATÜRE "(F) 

QUENCH WATER (GPM) 

MOISTURE IN WET ASH (%) 

QUENCH H20 MAKEUP TEMPERATURE (F) 

QUENCH H20 TSS (mg/I) 

QUENCH H20 TDS (mg/l) 

ATMOSPHERE 

.000 

.000 

.000 

.000 

60.000 

.000 

.000 



JOB NO: 322243 JOB DESC: CIRCULATING BED COHBUSTOR, 600 F,  HOT IDLE CASE 9/ 9/94    11:38 PAGE 

CLIENT: USAC ENGINEER: SLM DATA FILE:  IDLE.DAT 

FUEL TO:  CIRC.  BED/CYCLONE (PER HOUR) 

FUEL NAME ************************************* COMPONENT FLOW TO FURNACE ************************************** 

C H2 02 N2 H20 CL2 S P 

250 

251 

NAT GAS 

PERCENT 73.928 24.431 .891 .750 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

NAT GAS 

PERCENT 73.928 24.431 .891 .750 .000 .000 .000 .000 

POUNDS 39.182 12.948 .472 .398 .000 .000 .000 .000 

LB-MOLE 3.262 6.423 .015 .014 .000 .000 .000 .000 

TOT FUEL 

POUNDS 39.182 12.948 .472 .398 .000 .000 .000 .000 

LB-MOLE 3.262. 6.423 .015 .014 .000 .000 .000 .000 



JOB NO: 322243 JOB DESC:  CIRCULATING BED  COMBUSTOR, 600  F,   HOT  IDLE CASE 9/ 9/94     11:38 PAGE    3 

CLIENT:  USAC ENGINEER:   SLH DATA  FILE:   IDLE.DAT 

FUEL TO:  CIRC. BED/CYCLONE (PER HOUR)    (CONTINUED) 

FUEL NAME ************************************* COMPONENT FLOW TO FURNACE ************************************** 

SI BR2 F2 ASH MSALT ASALT F.CARB INERTS 

250 

251 

NAT GAS 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

NAT GAS 

PERCENT .000 .000 .000 .000 .000 .000 .000 .000 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 

TOT FUEL 

POUNDS .000 .000 .000 .000 .000 .000 .000 .000 

LB-MOLE .000 .000 .000 .000 .000 .000 .000 .000 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COHBUSTOR, 600 F,  HOT IDLE CASE 

ENGINEER:  SLM DATA FILE: 

9/ 9/94    11:38 PAGE    4 

IDLE.DAT 

UNIT    1 CIRC.  BED/CYCLONE 

251 

*** MASS AND ENERGY IN *** 

FUELS:        USE CODE  TEMP DEG F      LB/HR 

NAT GAS        OXD      60.00 53.000 

X OF TOTAL 

BTU/LB MM BTU/HR HEAT DUTY 

21800.000 1.155 97.478146 

351 COMBUSTION AIR 

02 

N2 

H20 

OVERALL TOTAL 

60.00 

60.00 

60.00 

653.948 

2166.253 

28.202 

2901.404 

.000 

.000 

1059.900 

.000 

.000 

.030 

1.185 

.000000 

.000000 

2.521854 

100.000000 

350 

***    MASS AND ENERGY OUT *** 

COMBUSTION GAS OUT 600.00 DEG F  , 406.8 IN. W.C. 

LB-MOLES/HR LB/HR 

H20 

C02 

CO 

N2 

N02 

02 

BTU/LB 

TOTAL COMBUSTION GAS 

7.988 143.916 1309.449 

3.262 143.557 124.339 

.000 .009 136.334 

77.336 2166.641 135.602 

.001 .033 115.821 

13.977 447.249 123.298 

102.563 2901.404 191.373 

MM BTU/HR 

.188 

.018 

.000 

.294 

.000 

.055 

.052 LB H20/LB DRY GAS 

3.449 % GAS VOL (DRY) 

3.449 PPMV (DRY) 

81.772 % GAS VOL (DRY) 

7.501 PPMV (DRY) 

14.778 % GAS VOL (DRY) 

.555 

353 HEAT LOSS .630 

TOTAL HEAT RELEASED 1.185 

354 CO He AVAILABLE 4343.600 .000 

OVERALL TOTAL 102.563 2901.404 1.185 

TOTAL DRY GAS 94.575 2757.488 .367 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR, 600 F,  HOT IDLE CASE 

ENGINEER: SLH DATA FILE: 

9/ 9/94    11:38 PAGE    5 

IDLE.DAT 

COMBUSTION AIR SUMMARY 

OPERATING CONDITIONS 

TEMPERATURE (F) 

PRESSURE (IN. U.C.) 

FLOW (ACFM) 

UNIT 1 

60.000 

406.800 

618.312 

AIR (DRY) TOTAL (LB/HR) 

AIR (DRY) THEORETICAL (LB/HR) 

AIR (DRY) TOT-THEO (LB/HR) 

EXCESS AIR (%) 

2820.202 

891.408 

1928.793 

216.376 

TOTAL 02 (LB/HR) 

THEO. 02 (LB/HR) 

TOT-THEO. 02 (LB/HR) 

653.948 

206.700 

447.249 

TOTAL N2 (LB/HR) 

THEO. N2 (LB/HR) 

TOT-THEO. N2 (LB/HR) 

2166.253 

684.709 

1481.545 

COMBUSTION GAS SUMMARY 

TEMPERATURE (F) 

PRESSURE (IN. U.C.) 

FLOW (ACFM) 

UNIT 1 

600.000 

406.750 

1322.916 



JOB NO: 322243 JOB DESC: CIRCULATING BED COMBUSTOR, 600 F, HOT IDLE CASE 

CLIENT: USAC ENGINEER: SLM DATA FILE: 

APC HEAT AND MATERIAL BALANCE PROGRAM VERSION 6.0 

9/ 9/94 11:39 PAGE 6 

IDLE.DAT 

BASE CONDITIONS AND INCOMING GAS CONDITIONS 

ATMOSPHERIC PRESSURE (IN. H20) 406.80 

BASE TEMPERATURE (DEG F) 60.00 

INLET GAS PRESSURE (IN. H20) 406.75 

INLET GAS TEMPERATURE (DEG F) 600.00 

PARTICULATE STANDARD INFORMATION 

PARTICULATE STANDARD BASIS 02 

PARTICULATE STANDARD BASIS CONCENTRATION (%)     7.00 

PARTICULATE STANDARD BASIS CONDITION DSCF 

PARTICULATE STANDARD TEMPERATURE (DEG F) 68.00 

UNIT NO APC DEVICE 

1 PART. QUENCH 

2 BAGHOUSE 

3 ID FAN 

4 STACK 

RECEIVER 

QUENCH SUMP 

DUSTCOLLECT 

APC DEVICE INFORMATION 

RECYCLE FLOW   (GPM) 

RECYCLE FLOW   (LB/HR) 

OUTLET PRESSURE (IN. H20) 

APC HEAT LOSS (MM BTU/HR) 

UNIT 1   UNIT 2   UNIT 3   UNIT 4 

.00 .00 .00 .00 

.00 .00 .00 .00 

405.75 385.75 415.80 414.80 

.00 .00 .00 .00 

PERCENT REMOVAL DATA 

ASH 

METAL SALTS 

ALKALI SALTS 

UNIT 1 UNIT 2   UNIT 3 UNIT 4 

.00 99.00 .00 .00 

.00 99.00 .00 .00 

.00 99.00 .00 .00 

RECEIVER DATA UNIT 1 UNIT 2   UNIT 3 UNIT 4 

REC. EXISTENCE NO YES NO NO 
REC. PURGE DESTINATION 0 0 0 0 
REC. PURGE TARGET DIS DIS DIS DIS 
REC. SS REMOVAL EFFICIENCY .00 .00 .00 .00 
REC. HEAT LOSS (MM BTU/HR) .00 .00 .00 .00 

MAKEUP STREAM DATA UNIT 1 UNIT 2 UNIT 3   UNIT 4 

MAKEUP OPTION APC APC REC REC 
MAKEUP FLOU (GPM) .20 .00 .00 .00 
MAKEUP TDS  (MG/L) 200.00 .00 .00 .00 
MAKEUP TSS  (MG/L) .00 .00 .00 .00 
MAKEUP TEMP. (DEG F) 60.00 60.00 60.00 60.00 



JOB NO: 322243 JOB DESC: CIRCULATING BED COMBUSTOR, 600 F, HOT IDLE CASE 9/ 9/94 11:39    PAGE 7 

CLIENT: USAC ENGINEER: SLH DATA FILE: IDLE.DAT 

NEUTRALIZATION STREAM DATA       UNIT 1   UNIT 2   UNIT 3   UNIT 4 

NEUT. OPTION APC APC REC REC 
NEUT. REAGENT NAME NAOH NAOH NAOH NAOH 

NEUT. REAG. TEMP. (DEG F) 60.00 60.00 60.00 60.00 

NEUT. REAG. CONC. (%) 23.00 23.00 20.00 20.00 

STOICHIOMETRIC RATIO 1.00 1.00 1.00 1.00 

OPERATIONAL LIMITS DATA UNIT 1   UNIT 2   UNIT 3   UNIT 4 

MIN. GAS OUT. TEMP. (DEG F) 

PURGE TDS CONCENTRATION (%) 

PURGE TSS CONCENTRATION (%) 

PURGE ACID CONCENTRATION (%) 

OTHER GAS DATA GAS 1 

0. 0. 0. 0. 

0. 0. 0. 0. 

0. 0. 0. 0. 

0. 0. 0. 0. 

NAME OF OTHER GAS ATM AIR 

FEED RATE (LB/HR) 50.00 

TEMPERATURE (DEG F) 60.00 

INPUT CODE 2. 
DESTINATION UNIT NUMBER 1. 

OTHER GAS COMP. DATA (LB/HR) GAS 1 

H20 
N2 
02 

.50 
38 .03 
11 .48 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR, 600 F,  HOT  IDLE CASE 

ENGINEER: SLM DATA FILE: 

9/ 9/94    11:39 PAGE    8 

IDLE.DAT 

UNIT    1      PART. QUENCH 

** MASS AND ENERGY IN ** LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

350 GAS FROM CIRC. BED/CYCLONE: 600.0 DEG F, 406 .8 IN. W.C. 

H20 7.988 143.916 1309.449 .188 .052 LB H20/LB DRY GAS 

C02 3.262 143.557 124.339 .018 3.449 % DRY GAS VOL 

CO .000 .009 136.334 .000 3.449 PPM DRY GAS VOL 

N2 77.336 2166.641 135.602 .294 81.772 % DRY GAS VOL 

N02 .001 .033 115.821 .000 7.501 PPM DRY GAS VOL 

02 13.977 447.249 123.298 .055 14.778 % DRY GAS VOL 

TOTAL FLUE GAS 102.563 2901.404 .555 .000 GR DSCF 3 7.0 % 02 

738 ATM AIR:  60.0 3EG F 

H20 .028 .500 1059.900 .001 .010 LB H20/LB DRY GAS 

N2 1.357 38.025 .000 .000 79.101 % DRY GAS VOL 

02 .359 11.475 .000 .000 20.899 % DRY GAS VOL 

TOTAL GAS 1.744 50.000 .001 .000 GR DSCF 3 7.0 % 02 

651 MAKEUP WATER: 50.0 DEG F 

H20 5.547 99.939 .000 .000 

TDS .000 .020 36.000 .000 

TOTAL MAKEUP 5.547 99.959 .000 

OVERALL TOTAL 109.854 3051.362 .556 

** MASS AND ENERGY OUT ** LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

650 GAS TO BAGHOUSE: 432.3 DEG F, 405.8 IN. W.C. 

H20 13.563 244.355 1229.803 .301 .087 LB H20/LB DRY GAS 

C02 3.262 143.557 82.599 .012 3.387 % DRY GAS VOL 

CO .000 .009 93.316 .000 3.388 PPM DRY GAS VOL 

N2 78.693 2204.666 92.968 .205 81.724 % DRY GAS VOL 

N02 .001 .033 77.190 .000 7.367 PPM DRY GAS VOL 

02 14.335 458.724 83.815 .038 14.887 % DRY GAS VOL 

TOTAL FLUE GAS 109.854 3051.342 .556 .000 GR DSCF 3 7.0 % 02 

655 PURGE FROM PART. QUENCH: 432.3 DEG F 

ALKALI SALTS .000 .020 100.513 .000 100.00000 WT % 

TOTAL PURGE .000 .020 .000 .00000 WT % TSS 

OVERALL TOTAL 

DRY GAS TOTAL 

109.854 

96.291 

3051.362 

2806.988 

.556 

.255 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC:  CIRCULATING BED COHBUSTOR, 600 F, HOT IDLE CASE 

ENGINEER: SLM DATA FILE: 

9/ 9/94    11:39 PAGE    9 

IDLE.DAT 

UNIT    2      BAGHOUSE 

** MASS AND ENERGY  IN    ** LB-MOLES/HR LBS/HR 

650 GAS FROM PART. QUENCH: 432.3 DEG F, 405.8 IN. W.C. 

H20 13.563 244.355 

C02 3.262 143.557 

CO -000 .009 

N2 78.693 2204.666 

N02 .001 .033 

02 14.335 458.724 

TOTAL FLUE GAS 109.854 3051.342 

BTU/LB MM BTU/HR CONCENTRATION 

1229.803 .301 .087 LB H20/LB DRY GAS 

82.599 .012 3.387 % DRY GAS VOL 

93.316 .000 3.388 PPM DRY GAS VOL 

92.968 .205 81.724 % DRY GAS VOL 

77.190 .000 7.367 PPM DRY GAS VOL 

83.815 .038 14.887 % DRY GAS VOL 

.556 .000 GR DSCF 3 7.0 % 02 

OVERALL TOTAL 109.854 3051.342 .556 

** MASS AND ENERGY OUT ** 

661 GAS TO ID FAN: 432.3 DEG F, 385.8 IN. W.C 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL FLUE GAS 

OVERALL TOTAL 

DRY GAS TOTAL 

LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

85.8 IN. W.C. 

13.563 244.355 1229.803 .301 .087 LB H20/LB DRY GAS 

3.262 143.557 82.599 .012 3.387 % DRY GAS VOL 

.000 .009 93.316 .000 3.388 PPM DRY GAS VOL 

78.693 2204.666 92.968 .205 81.724 % DRY GAS VOL 

.001 .033 77.190 .000 7.367 PPM DRY GAS VOL 

14.335 458.724 83.815 .038 14.887 % DRY GAS VOL 

109.854 3051.342 .556 .000 GR DSCF 3 7.0 % 02 

109.854 3051.342 .556 

96.291 2806.988 .255 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC: CIRCULATING BED COMBUSTOR, 600 F, HOT IDLE CASE 9/ 9/94 11:39    PAGE 10 

ENGINEER: SLM DATA FILE: IDLE.DAT 

UNIT 2  DUSTCOLLECT 

** MASS AND ENERGY IN 

OVERALL TOTAL 

LB-MOLES/HR    LBS/HR 

.000        .000 

BTU/LB    MM BTU/HR    CONCENTRATION 

.000 

** MASS AND ENERGY OUT 

OVERALL TOTAL 

LB-MOLES/HR    LBS/HR        BTU/LB    MM BTU/HR    CONCENTRATION 

.000 .000 .000 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC:  CIRCULATING BED COHBUSTOR, 600 F,  HOT IDLE CASE 

ENGINEER: SLM DATA FILE: 

9/ 9/94    11:39 PAGE 11 

IDLE.DAT 

UNIT    3       ID FAN 

MASS AND ENERGY IN 

H20 

C02 

CO 

N2 

N02 

02 

TOTAL FLUE GAS 

LB-MOLES/HR LBS/HR BTU/LB MM BTU/HR CONCENTRATION 

,    385.8 IN. U.C. 

13.563 244.355 1229.803 .301 .087 LB H20/LB DRY GAS 

3.262 143.557 82.599 .012 3.387 % DRY GAS VOL 

.000 .009 93.316 .000 3.388 PPM DRY GAS VOL 

78.693 2204.666 92.968 .205 81.724 % DRY GAS VOL 

.001 .033 77.190 .000 7.367 PPM DRY GAS VOL 

14.335 458.724 83.815 .038 14.887 % DRY GAS VOL 

109.854 3051.342 .556 .000 GR DSCF 3    7.0 % 02 

682 HEAT OF COMPRESSION .018 

OVERALL  TOTAL 109.854 3051.342 

** MASS AND ENERGY OUT •• LB-MOLES/HR LBS/HR 

672 GAS TO STACK: 455.0 DEG F, 415.8 IN. W.C. 

H20 13.563 244.355 

C02 3.262 143.557 

CO .000 .009 

N2 78.693 2204.666 

N02 .001 .033 

02 14.335 458.724 

TOTAL  FLUE GAS 109.854 3051.342 

OVERALL TOTAL 109.854 3051.342 

DRY GAS TOTAL 96.291 2806.988 

.574 

BTU/LB MM BTU/HR CONCENTRATION 

1240.451 .303 .087 LB H20/LB DRY GAS 

88.102 .013 3.387 % DRY GAS VOL 

99.086 .000 3.388 PPM DRY GAS VOL 

98.694 .218 81.724 % DRY GAS VOL 

82.288 .000 7.367 PPM DRY GAS VOL 

89.089 .041 14.887 % DRY GAS VOL 

.574 .000 GR DSCF S    7.0 % 02 

.574 

.271 



JOB NO: 322243 

CLIENT: USAC 
JOB DESC: CIRCULATING BED COHBUSTOR, 600 F, HOT IDLE CASE 

ENGINEER: SLH DATA FILE: 
9/ 9/94 11:39 PAGE 12 

IDLE.DAT 

UNIT 4  STACK 

** HASS AND ENERGY IN    ** LB-MOLES/HR LBS/HR 

672 GAS FROM ID FAN: 455.0 DEG F, 415.8 IN. U.C. 

H20 13.563 244.355 

C02 3.262 143.557 

CO .000 .009 

N2 78.693 2204.666 

N02 .001 .033 

02 14.335 458.724 

TOTAL FLUE GAS 109.854 3051.342 

OVERALL TOTAL 109.854 3051.342 

** MASS AND ENERGY OUT ** LB-MOLES/HR LBS/HR 

683 GAS TO ATMOSPHERE :    455. 0 DEG F,    414.8 IN. U. C. 

H20 13.563 244.355 

C02 3.262 143.557 

CO .000 .009 

N2 78.693 2204.666 

N02 .001 .033 

02 14.335 458.724 

TOTAL FLUE GAS 109.854 3051.342 

OVERALL TOTAL 109.854 3051.342 

DRY GAS TOTAL 96.291 2806.988 

BTU/LB MM BTU/HR CONCENTRATION 

1240.451 .303 .087 LB H20/LB DRY GAS 

88.102 .013 3.387 % DRY GAS VOL 

99.086 .000 3.388 PPM DRY GAS VOL 

98.694 .218 81.724 % DRY GAS VOL 

82.288 .000 7.367 PPM DRY GAS VOL 

89.089 .041 14.887 % DRY GAS VOL 

.574 .000 GR DSCF 3    7.0 % 02 

.574 

BTU/LB MM BTU/HR CONCENTRATION 

1240.451 .303 .087 LB H20/LB DRY GAS 

88.102 .013 3.387 % DRY GAS VOL 

99.086 .000 3.388 PPM DRY GAS VOL 

98.694 .218 81.724 % DRY GAS VOL 

82.288 .000 7.367 PPM DRY GAS VOL 

89.089 .041 14.887 % DRY GAS VOL 

.574 .000 GR DSCF 3    7.0 % 02 

.574 

.271 
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JOB NO: 322243 JOB DESC: CIRCULATING BED COMBUSTOR, 600 F, HOT IDLE CASE 9/ 9/94 11:39   PAGE 13 

CLIENT: USAC ENGINEER: SLM DATA FILE: IDLE.DAT 

GAS FLOW SUMMARY AT APC DEVICE OUTLET 

TEMPERATURE PRESSURE FLOW DRY GAS 

UNIT NO STREAM (DEG F) (IN. U.C.) 

405.8 

(ACFM) (SCFM) 

1 PART. QUENCH 432.3 1195.635 618.411 

2 BAGHOUSE 432.3 385.8 1257.625 618.411 

3 ID FAN 455.0 415.8 1196.404 618.411 

4 STACK 455.0 414.8 1199.288 618.411 



JOB NO: 322243 

CLIENT: USAC 

JOB DESC:  CIRCULATING BED COMBUSTOR, 600 F,  HOT  IDLE CASE 9/ 9/94    11:39 PAGE 14 

ENGINEER: SLH DATA FILE:   IDLE.DAT 

LIQUID FLOW SUMMARY 

MAKEUP STREAMS TO: 

PART. QUENCH 

TOTAL 

DISCHARGE PURGE: 

ORIGINATION SUMP 

PART. QUENCH 

TOTAL PURGE 

FLOW H20 TEMP D.S. S.S. 

(GAL/MIN) (LB/HR) (DEG F) (LB/HR) (LB/HR) 

.200 99.939 60.000 .020 .000 

.200 99.939 .020 .000 

TEMP H20 ORGANIC D.S. S.S. ACIDS 

(DEG F) (LB/HR) (LB/HR) (LB/HR) (LB/HR) (LB/HR) 

432.272 .000 .000 .020 .000 .000 

.000 .000 .000 .020 .000 .000 



13.0 PILOT PLANT COST ESTIMATE 
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COMPANY NAME: IT Corporation PROJECT NO.- 322243 
PROJECT NAME: USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.13 

13.0 Pilot Plant Cost Estimate 

The pilot plant cost estimate includes the equipment purchase costs, integration costs, 
installation costs, process and detail engineering costs, and construction advice costs (Table 
13-1). The summary cost sheets for each of these items are attached. Vendor quotations for 

major equipment are included in this chapter. 

This cost estimate has an accuracy of plus or minus 20 percent. More accurate costs can be 

gathered during the detail design phase. 

By: PA Pilot Plant Cost Estimate Area No.: 
Checked:  PO IT PCE Area Name: All Areas 
Approved:  PA Knoxville, Tennessee 
Date: 01/12/95 Rev. No. (0) (1) Page:   1 of 1 



Table 13-1 

Summary of CBC Pilot Plant Price 

ltem(s) Total Price ($) 

Total Equipment $805,222 

Trailers $220,800 

Infrastructure $676,370 

Process Engineering $51,875 

Detail Design Engineering $206,587 

Project Management $144,855 

Construction Advice $51,757 

TOTAL BASE PRICE $2,157,466 

Optional Building Price 

Building $122,400 

TOTAL $2,279,866 

KN/1585/WP1585.131/01/12/9S/DO/E1 
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DATE: 11/09/94 

U.S. Army Environmental Center - CBC Estimate 
PROJECT MANAGEMENT COST 

CLIENT: USAEC 
PROPOSAL: 322423.002.03.005 

MANPOWER 
ESTIMATED 

HOURS 

DIRECT 

RATE DIRECT COST 

PROJECT MGMT-CMC 40 $41.00 $1,640 

PROJECT MANAGEMENT 320 $35.00 $11,200 

COST & SCHEDULING 40 $33.00 $1,320 

PROJECT ADMINISTRATOR 100 $3QJD0 $3,000 

PROJECT ENGINEER 160 $30.00 $4,800 

PROCUREMENT / EXPEDITING 160 $30.00 $4,800 

PROJECT COORDINATOR 160 $24.00 $3,840 

DOCUMENT CONTROL/PRODUCTION 80 $24.00 $1,920 

ADMINISTRATION / SECRETARIAL 160 $8.00 $1,280 

PRODUCE OPERATING MANUALS 80 $24.00 $1,920 

AS-BUILT DRAWINGS 160 $24.00 $3,840 

Subtotal 1,460 303 $39,560 

COMPUTER USAGE 
COMPUTER USAGE CHARGES 365 $6.08 $2,219 

EXPENSES DIRECT COST 

TRAVEL & EXP-PROJ MGMT & ENG (5 TRIPS) LUMP SUM® 1,000/TRIP $5,000 

SOURCE INSPECTION - DOMESTIC (5 TRIPS) LUMP SUM® $1,000/TRIP $5,000 

OFFICE EXPENSES ESTIMATE $3,000 

PROJECT MANAGEMENT EXPENSES $13,000 

TOTAL PROJECT MANAGEMENT COST $54,779 

Page: 8 



DATE: 11/09/94 

U.S. Army Environmental Center - CBC Estimate 
CONSTRUCTION / INSTALLATION ADVICE 

CLIENT: USAEC 
PROPOSAL: 322423.002.03.005 

Installation & Construction Advice 

Men Hrs/Wk Wks/Mo Units 
Unit 
Cost 

Total 
Labor 

Total 
Other 

LABOR 40 4.33 2 mos $35 $12,124 

MEALS 2 mos $1,050 $2,100 

AIRFARE 2 trips $1,800 $3,600 

LODGING 2 mos $1,800 $3,600 

MISC. 2 mos $750 $1,500 

$12,124 $10,800 

Page: 8 



USACE-CBC PROJECT 
PROJECT # 322243.002.03.005 
EQUIPMENT COSTS 
SCOPE PER P &ID DWG 322243-20-11-001 REV A, 322243-20-11-002 REV A, & 322243-50-11-001 REV A 
ITEM 
NO. ITEM. QTY. UNIT MATERIAL LABOR LABOR OTHER TOTAL 

COSTS HOURS COSTS COSTS COSTS 
53 TAHH-PANEL MOUNT 3 EA $795 12 $300 $1,095 
54 TSHH-PANEL MOUNT 3 EA $795 12 $300 $1,095 
55 TIC-PANEL MOUNT 4 EA $1,060 16 $400 $1,460 
56 FAL-PANEL MOUNT 2 EA $530 8 $200 $730 
57 FSL-PANEL MOUNT 1 EA $265 4 $100 $365 
58 PAL-PANEL MOUNT 2 EA $530 8 $200 $730 
59 PAHH-PANEL MOUNT 3 EA $795 12 $300 $1,095 
60 PSHH-PANEL MOUNT 1 EA $265 4 $100 $365 
61 BALL-PANEL MOUNT 1 EA $285 4 $100 $385 
62 BSLL-PANEL MOUNT 1 EA $285 4 $100 $385 
63 TALL-PANEL MOUNT' 2 EA $590 8 $200 $790 
64 TSLL-PANEL MOUNT 2 EA $590 8 $200 $790 
65 TY-PANEL MOUNT 3 EA $885 12 $300 $1,185 
66 TI's-PANEL MOUNT 5 EA $1,275 20 $500 $1,775 
67 ISHH-PANEL MOUNT 1 EA $255 4 $100 $355 
68 IAHH-PANEL MOUNT 1 EA $265 4 $100 $365 
69 ll-PANEL MOUNT 1 EA $235 4 $100 $335 
70 PSLL-PANEL MOUNT 2 EA $510 8 $200 $710 
71 PDIC-PANEL MOUNT 1 EA $255 4 $100 $355 
72 FIC-PANEL MOUNT 1 EA $255 4 $100 $355 
73 FY-PANEL MOUNT 1 EA $255 4 $100 $355 
74 PDI-PANEL MOUNT 1 EA $255 4 $100 $355 
75 FALL-PANELMOUNT 4 EA $1,020 16 $400 $1,420 
76 FSLL-PANEL MOUNT 3 EA $765 12 $300 $1,065 
77 FR-PANEL MOUNT 3 EA $765 12 $300 $1,065 
78 PAH-PANEL MOUNT 1 EA $255 4 $100 $355 

TOTAL-INSTRUMENTS 242 EA $49,825 822 $20,550 $10,000 $80,375 
WIRING & CABLE TRAY 1 LS $15,150 202 $5,050 $20,200 
TUBING ALLOWANCE 1 LS $17,625 282 $7,050 $24,675 
TOTAL COSTS 1 LS $82,600 1,306 $32,650 $10,000 $125,250 
OVERHEAD & PROFIT $8,260 $3,265 $11,525 
@ 10% OF LB'R & MATL 
TOTAL PRICE $90,860 $35,915 $10,000 $136,775 
*:- PANEL MTD INSTRUM ENTPR CESF EFLECT CC )ST OF PA NEL IN THE IR PRICE (AF »PORTIONED) 
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POST OFFICE BOX 10707 

CHARLES F. SEXTON COMPANY 
Mttufrcturetf' fbpret«nutnrt* - M*eh*nic«lEqtä>nuat 

SUITE A,««2ö BAUM DR. 
IMOXVIum TDWE5tt379l9 

"Jwracthi TUMMM V«IkrKn* 1930" ZIP37J3P-07O7                                                               »—r»w» *«v TELEPHONE 6l«?S.»9t 
=====^___  FACSIMILE 61:5-588.9092 

FAC8IHXLB TRANSMISSION 

Attn:  Pirore Gaaligntwala 
Cortpany-     IT 

Kram: Charlie Sexton 
Doce:  9/13/94 
Page 1 of 1 (including this page) 

Reference: Your 9/13 Fax 

ESS;.0" thi8 faX Z'm qBOt±"B S**™'  *«— the rating. flt tnem beCter than 

rdz^m^z ircss-.'ssr."-i550ss *iu-<°»-~ 
B-500X   -   6000  CFM 0  -SO"   at-   —..■    J       ^^-°   v"^>< KJ 

•» «u to -.sjsrVLs.'s SKILST^: jLrLrt,,j,j",,r"*« «^ 



i~it* \ * \^n i Kjt VJ Oi.O  <4DC   <£>fc>Ö P. 02 

Aifov FAbRICATION^ 

SEPTEMBER 14, 1994 

121 Petks STATKXV Rd. 
CliNTON, TENNESSEE ?77I6 

0) 4J7-2717 
FAX (65) mm 

IT CORPORATION 
312 DIRECTORS DRIVE 
KKCKVILLE, TN 37923 
ATTN: MR. PIROIE 

GENTLEMEN: 

SS ?'^SL^76Ü^Ä^ERIÄL TO "«™» <^^^ CARBON ST*L 

1. OOMBOSTOR INCLUDING 16" MO 28" DUCT AND CONE BOTTOM VESSEL 

PRICE - P08 CLINTON. TN       
""' ™ $ 22,800.00 

LABOR WOT INCLUDED IN T*IS ITEM.    NUMBER OF HOLES UNKNOWN. 

PRICE - FOB CLINTON, TN (MATERIAL ONLT) $ 16,800.00 

3'   ATOSBS A^gs^;276 "« AVAIIÄa* KCE" » * www-    ^ICE «or 

IF THERE ARE ANT gjESTlONS, PLEASE CONTACT ME AT THE ABOVE NUMBER. 

SINCERELY, 

IRONS 

^TN/DiJ^T/iiAu_<fl^-rC/£-i3(3J   P"(U2- 

  Pvac**   tf • 6 *^,^v^-U 

AFCU) yiL^ 
TOTAL P.02 



EU INTERNATIONAL 
TECHNOLOGY 
CORPORATION RECORD OF 

X TELECON 

D MEETING 

Date 4/J5I <?U 
Time 

// IS* rrt 

Project Name Number Phase 

%V2    ^2. 

Taste 

Ö.± 

Other Participants — Name/Location/Representing: 

A/st/fr 
Topic 

CALL FROMMT NAME 
CALL TO      O r-~ff   4r-nJ"/ts,rtori/, 

Subtas 

&OS 

CALL FROMj^NAME        ~     ~ '     ^ 
^LTO   a /3 IT /;'A A/     /3/2 /A//--// 
Telephone Number 

<TcZ--~-7-7K-J^ü<r& 
Company Name: 

/^ISZ/f/?. CLc^TFS su/*/ 
Address: 

J&&&W& 

City 
LGO;W,/C -u* 

State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

'— 2&cV7 _ C V£ ir?^ • .     ^^A /ZAT.Vl 

^te*- /rrj~<-ffer- "2/- ^/^ gfffl^T.^ 
*fr   / S ,-7U \ - ^<:/, 

Required Action: 

Distribution: 
Original to Proiect File 
Copy to Project Manager 
Copy to Preparer 

O Other Distribution (By Preparer) 

Prepared by (Signature): 

PAGE -±0?J- 

S48A-e-e 



G3 INTERNATIONAL 
TECHNOLOGY 
CORPORATION RECORD OF 

& TELECON 

D MEETING 
Project Name Number 

3?22ql 

Phase 

CO 2. 

Task 

03 

SubtasK 

<OOS~ 

Date 1Ej- fU 
Time 

//• \j4tyn 
Other Participants — Name/Location/Representing: 

/vW^ 

CALL FROMMT NAME; _                                    .,        . 
CALL TO      □ r--ri   £-f,J~/l^ff%"*i/r 

CALL FROMP^NAME: __            ',-,         '          . 
CALL TO   *U jZfrN    ßAMiCS 
Telephone Number &/Ü-7*L/-/£ec- 
Company Name: 

2734 f/^ /c 
Address: 

T7S<~<>A -QIC 
Topic City 

/%?/£/W& 
State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

^--ZgcV- ^TvO^  H ATI) UfJ — l/<32 rC= X■   7-V/7^T 

tfr 7Cc?c?g r*,r k ■T 

Required Action: 

Prepared by (Signature): 

/^//&-2e- 
Distribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer   

D Other Distribution (By Preparer) 

PAGE _Z0F_/_ 

S48A-8-E 



EH INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date 4/J5J fU 
Time 

// if* ryi 

RECORD OF 
X TELECON 

O MEETING 
Project Name Number 

?222(f3. 

Phase 

COZ. 

Task 

&J> 

Subtask 

<DO^ 

Other Participants — Name/Location/Representing: 

V^ 

CALL FROMMT NAME _. ,        . 
CALL TO _G ^-n   6-f<J-/,^/i%vr{/f 

CALL FROMP"NAME:  , 

CALL TO ^o        /=/2AM£   czerccu 
Telephone Number 

j—Bd)0 - 6ff z- ^-7-7^7 
Company Name: 

oMf C 
Address: 

We ^ /Oll/C 
Topic City 

/&/£/tJ* 
State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

T~-  T<2&/- PA^T/A/ /O i J<Trv/ CH-    ^<Z~&c?c? &c FM 

~M< r~r-       g)    fC*C2<r? P -    4-cdfr- 

&UTI er- ^F r ON < Q-£       >Ze i & MTI oM    -ri ^ J£=_ 

r Ko ßo^ •'S'  f=-T=L C^M^T^CTf^N1 

•ffi" ^.  C(SC f**,U 

Required Action: 

Prepared by (Signature): 

Distribution: 
Original to Project File 
Copy to Proiect Manager 
Copy to Preparer   

G Other Distribution (By Preparer) 

PAGE JLo?J- 

548A-8-B 



03 INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date 
<?/J5l <?U 

Time 
// / Jtf rrt 

RECORD OF 
& TELECON 

D MEETING 
Project Name Number Phase Task 

Öji 

Other Participants — Name/Location/Representing: 

CALL PROMPT NAME 
CALL TO   a s^-rt g-r<J-/,^ft-i^iU. 

SubtasK 

<OOS~ 

CALL FROM^NAME 
CALL TO     0 

//g//^ 
Topic 

/&/£/*/& 

Telephone Number 
S°lß. cL/f*Li p^^j 

Company Name: 
41J-2-- cr^v~^X3 

Lfffrflf 
Address: 

City 
FA DUC AH  W 

State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons) Requi 

-£- 

M-    Z>(S^^-       /loLAiZi        A fa LOCK,    l/ALVr 

-22—(pT, cn&       CasI^xJim,/  s7_ 

<* JZCJTZJW A/ht^j, y/AC/fc"       A/or fLfr-a^te. . 

J^ r/itt.t* ¥- 
~3e*Jrsi^**-• rfo^-lix {tnax -7comF-) 

— ^o/2   THjr     Dü-rv. 
<H lfnnoa ea.r.k. / 

j Required Action: 
^/Ig^m^ *>*     trUj^r/ir<-     ^,? anxI/St} 

&J2e/2Ajk>ft- ) 

Distribution: 
LOriginal to Project File 
ICöpy to Project Manager 
■Copy to Preparer          

Prepared by (Signature): 

PAGE -IOFJL 

I 54SA-8-« 



4 

Hi».'i.r. cow. «■MU* , W4.„ . 4:3aw 

^ 
ct 

03: ■^'.•■li:-:- 

I.T. CORP KNOXVILLE-, fi,_ M„ 

xrcowaunoM 
3I20DBCltaSBWVE 

<«fl> ««211 

S     •■ i   y->--.■■   mm* 

->> pina» 

fA(A 

&«r  Mr       X.rL 

y*«\e **•&      SU/fjfM / 

OVrflftu. 

^^S^JSSffS^ 
XTOKttVELBPAXNa     (615) 

(825) 
MHOS OR 

Tß'cf 9c9£069 
01 ->MT    M(JP-. 



SUSCON STACKS  
Svsquehama Concnuütoducts, Inc. «*******++*,+*„„ 

TOJ -^T~  Cy. »OFPAGESi /  
ATn* -T-fRc^ SENDER;        rfjfrUaX 

FAX* fc/^Vsto-^^      FROMFAX* 41ft.Wft.7lfl 

MESSAGE: ^S yagg.     <jdjsj?JLJ &,    grf^ar   Wen <?*. 

—= S£L/—Xy^cT^y (/fty^T   4   -ZM***^ 

 Z: ^XfoLots—-, //) ^as   ; A) C4*A/- our  . 

>/ Sy=fr7Y **»£*• 

If there is a problem with this transmission, please call 410-676-3600 

fVl-v  Va6rwriHtstA6omtorkt£Juu£ 
S£:2I     t>6<   £T  d3S T0d <=S£. SMDblS N03SHS    £9U9i90Tfc- 



EU INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date 
tflTBM^i 

Time 
/A'.)"*** 

Other Participants — Name/Location/Representing: 

Topic 

Pf! \Ci\kLr 
0,c <-*•>'/- ■'-< 

RECORD OF XTELECON 
D MEETING 

Project Name 

/Js/xce 
CALL FROM-d NAME: 
CALL TO      D  

Number 

3-Z^c/i 

Phase 

<0t?.2- 

Task 

<-r> 

Subtask 

0&_/ 

//    <^ir<.£l{fhfi>^S<- 
CALL FROM G NAME: 
CALL TO  .-O-" C   till C 

Telephone Number qz-i-^o^b 
Company Name: 

/2r ct\ ery\ cMr~ (or\ S>( 

Address: 

City 
/a^^'fo- 

State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

■ri^>       ?-ü'      *7e'        MoTlDiL/^eJ        £&U iPmesit     no**?— 

;- /^s        p/OTc.o n r\e I r>TO;^— 

£*,,-,    /i-uh-hf^J     ^'7- r>->^Wr-  ^/e(i/zruJ 

tf (l/$&p7 
flip x QD - S"jaa ^ X C7 — *7 

-& /o2 CDO^ 

Required Action: 

Distribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer 

D Other Distribution (By Preparer) 

Prepared by (Signature): 

PAGE L-0?±- 

548A-8-8' 



H3 INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date 7/2*</rL L 
Time 

//> 00 o «•v-i 

Other Participants — Name/Location/Representing: 

Topic 

Pn< <-£. 

RECORD OF 
J2TTELECOH 

D MEETING 
Project Name 

MA cc- 
Number 

&2*ß 
Phase 

0OZ. 

Task 

C& 

Subtask 

CALLFROM^AME: p ^    ^UykT^^ 

CALLFROMO NAME:    .   .      ,    r/.    „ / 
CALL TO   J3< /WW   S/XfKr*\4S\ 
Telephone Number 

2üT-4/6 -   C? OOi 

Company Name: _, / K-T 

Address: 
Q, r *r\ irfAA *\   . t+l* 

City 

State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

Hoisr $   Tön- ?vV^y- 
_l 

L'j/ <-fc '  y 7 r    x <Vcff 

/YloTtifLi  ^rcV" 

-fT ?^,P^° 

Required Action: 

Distribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer        

D Other Distribution (By Preparer) 

Prepared by (Signature):        pi   ~- 

PAGE. /OP/ OF. 

;<^r 

648A-»-r 



EU INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date 9/W< fit 
Time ^oop b^ 

Other Participants — Name/Location/Representing: 

h.üKC 

Topic 

pQfti>y 

RECORD OF 
R TELECON 

D MEETING 
Project Name 

L/iAC&/c£C~ 
CALL FROMl3~NAME: 
CALL TO      D  

Number 

3z.z~zy$o'i- 

Phase      Task     Subtask 

o^ Ö&J 

^ //  ^//^iV^ 
CALL FROM DNAME: - 
CALL TO    tJ /6fr7 -      fCejRl/JLA 

Telephone Number gbZ-ST<~f~   fGSZJ 
Company Name: 

LeCefl-P 
Address: 

yOL£L*£<^b 

City 

1. 
State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

H~la°7   C      T^g^ hrt-Ja. r *& ^.^DQ" €><LCU- 

/rWr?og -f 
<T*f**>*S b^Pjc(i4> 

rtctsiu/^L- st/fricert- 
Q/top 3JT      QU laJt^e 

v-   - 

Required Action: 

Distribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer 

D Other Distribution (By Preparer) 

Prepared by (Signature): 

/7/4- 

PAGE OF. 
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03 INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

<?jkl 

RECORD OF 
& TELECON 

D MEETING 
Project Name 

ü ^ A ce 
Number 

*?22(iZ 

Phase 

Co 2. 

Task 

ÖJ, 

Subtask 

&OS 

Date w Time 
// IS* tr7 

CALL FROM** NAME: _ , 
CALL TO     D S--rf   £-*J"/,^/(%&{/, 

Other Participants — Name/Location/Representing: 

sJ®ti£ 

CALL FROM^NAME 
CALL TO     D HfL     Do üCr- 
Telephone Number 

$#£- 4fL 
Company Name: ZPAT^o 
Address: 

t, «JoXV ICGL. 

Topic City 

/&/£/t/& 
State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

p-    ?c?W— PJH?- /a    (^pM-     <-f./f-e.*^? 

//tgstfP ~7 f*>4>A a^t ̂ Zft- CG 0777-1 klJ CrA <-  ~7Y/*f~ 

Required Action: 

Prepared by (Signature): 

Distribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer     

Ü Other Distribution (By Preparer) 

PAGE -AOFJL 
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03 INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Date ?M w Time 
///J^/T7 

RECORD OF 
X TELECON 

D MEETING 
Project Name 

ü s A ce 
c&c pri&R:*:- r^2?v3 

Number Phase 

CO 2. 

Task 

03 

Subtask 

&OS~ 

CALL FROM^f NAME: 
CALL TO     O /^ 

Other Participants — Name/Location/Representing: 

AJQfJfr 
Topic 

/&/£/?/# 

-" <fos/l?***/( 
CALL FROMJZ'NAME:        ^ ' ^   .   . 
CALL TO     O /Hfl       A/Wr ^//^ 
Telephone Number ^2-<TsTV- 7G,£3 
Company Name: 

^ CofLp 
Address: 

fittc/iJCc*£\ 
City £-< 
State Zip Code 

Summary (Decisions & Specific Actions Required by Named Persons): 

H- Z^&T    C &r*~>      /-^^/-euhtzs-    I^W/HO- 

Qfi- 2CPO4 -&— 
„K, O t^hLe        s/l£*-et ÖAIS<. 

■gro/2-     ^?/*>tnjnuryi     o/)'^£.^ (yftz/'V 

//-    2^o£    ( //tS>h/>*r &«,Yr.f SZX^L 
2H- zcHjäf JKfOu «j~       r->* TO   F>     <S> 

/<o /i i/-g ,^.oA- 

.#-     /.ZOO g*,X 

Required Action: 

Distribution: 
Original to Project File 
Copy to Project Manager 
Copy to Preparer   

O Other Distribution (By Preparer) 

Prepared by (Signature): 

PAGE _/0F^L 

548A-8-8 



L J. J INTERNATIONAL 
I U ■ TECHNOLOGY /*~N 
LXJ CORPORATION {^J 

«y MW.       Date _^L_££ Subject fff^/     ^^/" She 
Chkd. By Date //S^C^~   £>?£     yffftT^^   Prnj 

GUL&AJ   Srf£rL/    ? ftp 

&  ß-looZ —   Lsop-Se^t.  PiffLtE   fcA-   frtiw&/L- %0Q *CFh  Q 3o"i*/,£. 

Q) 6-Too I   —   -TV A /^A/ - 6coo ACFm (p bo"u)<C,  WOJVM.  Ohß#o.*J £T£&C; 

(see farfictfcb Ql<eTCt+) 

5,0 MflßiM/tiK OfffcuTif   vvf 59M-K Ptyuz TB/L 

(?)   T- fooi   -  fMLrxJhL   di/C^CH- Sboo 4c<^? TML&T<& Uoo*F, H0QO^ 

OUTLET re^P', CtiLScAJ yreec;    (Wc &vz/u^wrat tysre**- &O-**L-UV) 

/ooocF re^F SD^J>7^ ' 

(f)S-r<>ol    - Sfi6(-huS£~ (    Mira, 

0/ ^-5oöi -   faMM /«zMttji cM4od 9r&Ct,  lprY*ir 0*p4c*ry, ■ 

V) 2-root - rv*cfc -   $-</ THL,   it>"fi, UHI&OJO'zretrL 

fal6CT~ -JS4CE - CBC fioT&cr 
108-10-85 



E53 INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Chkd. By_ÖTDate ÜSfteC-  <2CC 

o 
( Sheet No L_ of 

Prnj   Nn     ^^'^ 

flifr£&)ujg   

-ft. 

—  (£s^dp_ _  : 

? 2 
£/, 

V, 

—    Usjajpj^ ktc'jvr/'ir     \/ftrr-djr<-f   fy JUJ&L3^ 

I 
(T: 

n^ '->< \ - 

T U-VA-O 

108-10-85 



EIS INTERNATIONAL 
TECHNOLOGY 
CORPORATION 

Chkd. ByÄDate Wo    ^cL^mS  

Sheet No.. 

Proj. No. _ 

of. 

2. '~'S c TTCJ On '01 f CY-S" 

-4f -2.00^' ir_P.^Li^.i3! ^iftj !f tfXd^/"/?/). 

(rf-TT. 6.6 2 

-I ST> —K>i i^r~Oc^c^ry~- 1 i—;  

:     :            :     :      !     i 
- - —\Jo •< t-c ^c-^ £^r-4-r< v^ ■  
-  i-STTD ^/"W   CJ2^cr^^r~i—|—j  

lfl< 

•"2- ^pjg^j-    (JUO ^-C«vrrc3tr 

- - - ■■.——      . .I.III-- I. ■ ■ <Jf        i '    ■   I II I. III 1 J,    —t——   „   II -.-■ —— 

__2riJicfrJbxzkbttJLü^?-k*l j-U-^OtSJ. 

l^ferjj 

U--7Q6fe ..r: J* -n • <^c*.- *h- 
J 1 1_ 

!}?<f^f-: AM-   c^kUL j 
1      i      ! 

CJ    . i ! • ! ! j i i 

4^-öSöTf-^ Jw^^Y ■C^ß- 
'K»~ dV> »MJ/W- 

-i-fühP T-~XW Lö ^ft?^,   CcnHiVgJ gjg^J Ac*m(^J^uffiL^ 

J L 
i    i 

108-10-85 



Pollution Control 
Systems 

312 Directors Drive 
Knoxville. Tennessee 37923 
Telephone: 615-690-3211 
FAX: 615-690-3626 

Date 
tllifrtf 

Time 

Other Participants - Name/Location/Representing: 

Topic 

Summary (Decisions & Specific Actions Required by Named Persons): 

RECORD OF j^TELECON 
□ MEETING 

Project Name 

£~C 

Number 

ZlXKt- 

Phase Task Subtask 

CALL FROM    D NAME: 
CALL TO T2f VtTl/g     UJC'RJL 

CALL FROM    % NAME: 
CALL TO D P -AcUt^ t^ 
Telephone Number:    -? 3o%- zry^-ksöi 
Company Name: 

/^(gc^v (2e<secs-c<i"^~ 
Address: 

City 
<£)jUnV^ 

State Co Zip Code 

ary (Decisions & Specific Actions Required by Named Persons): 

X-^vt*    UiiXJL    ^HXrO    *~>-    t^cf     U&2<^-     k^s    ^nn    (Sh^ra /Vann. cJL_ 

C.fAdL      p</-<S<r~    lo/U^nS-      L-onot nxfT^^r-    P J—>       -<-      to    «"-^ A   -^'   <r~~-j   <-*<r- 

T* 
X * it oorf/ 

<Sv^L    -f£T      G*»J>La<Pr<i Str*tl*f     *T>     CJ^-*VL^     CZU^CQTn*  
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14.0 Recommended Tests and Analyses 

This chapter identified tests and analyses recommended for the pilot plant test 

14.1 Circulating Bed Combustor Unit 
The following tests should be conducted in the CBC unit to optimize, select, and evaluate 

various parameters. 

• Optimize the Bed Depth. The bed depth should be varied from 4 to 8 feet in 
the unit and the differential pressure (DP) across the CBC measured at each bed 
depth.  The bed depth should then be optimized based on the CBC performance 
(e.g., destruction/removal efficiency [DRE], thermal efficiency) and the 
differential pressure across the CBC. 

• Select the Appropriate Bed Material. Several bed materials were evaluated 
in Chapter 3.0 primarily from the agglomeration and heat transfer point of view. 
Different materials of different particle size distribution (PSD) should be tested 
in the CBC unit for agglomeration potential and heat transfer. Based on these 
tests, the final bed material and its PSD selection should be made. 

• Evaluate the Use of Limestone as a Neutralizing Media. SOx generation 
for the red water combustion at 1600°F has been estimated in Chapter 3.0. 
However, the SOx generation rate should be measured at full load, and the 
effectiveness of limestone to neutralize SOx (and, if necessary HC1) should be 
evaluated. If limestone performs inadequately, lime slurry injection at the partial 
quench should be considered and evaluated. 

• Evaluate Impact of Steam in Circulating Bed. At a peak red water feed 
rate of 1.5 gpm, large quantities of steam will be generated. The steam will 
travel upwards with the circulating media through the cyclone and then to the 
APCS. The impact of steam on the circulating media should be assessed, with 
special attention to particle stickiness and agglomeration. 

• Evaluate System Turn Down Capability. The ability of the system to 
operate at a steady state should be evaluated at different red water feed rates. 

• Evaluate System Performance. At maximum red water feed rate, the stack 
gases should be sampled and analyzed to determine the DRE of the nitrobodies; 
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particulate HC1, SOx, and NOx emissions; and the emission rates of the ten 
Resource Conservation and Recovery Act (RCRA) metals. In addition, the 
cooled ash should be analyzed for nitrobodies, salts, and the ten RCRA metals. 

• Finalize Start-Up Burner Location. Cunendy, a Vortex-type start-up burner 
is located at the bottom of the CBC to preheat the combustion air entering the 
bed. However, if any problems arise due to the location of the burner, the 
burner can be located above the bed. The burner location should be finalized 
during the tests based on the burner performance at the proposed location. 

• Determine the Optimum Gas Velocity in the CBC. The gas velocity in 
the CBC is key for proper recirculation of the bed material and optimum 
performance of the cyclone. The CBC should be operated at different velocities 
(10 to 25 feet/sec), and the CBC/cyclone performance (e.g., carryover and 
particulate separation) evaluated. Based on these results, the optimum gas 
velocity for the CBC unit can be determined. 

14.2 Hot Cyclone Unit. This section discusses issues relating to cyclone/loop-seal 
performance. 

• Evaluate Cyclone/Loop-Seal Performance: 

- The particulate slip from the cyclone should be measured at various inlet gas 
velocities (30 to 60 feet/sec) and DPs to determine the optimum DP across 
the cyclone; the objective is to minimize particulate slip. 

- The loop-seal should be operated at various loop-seal purge air flow rates to 
determine the optimum purge rate for the reliable and efficient transfer of bed 
material back to the CBC. 

- Percentage of theoretical NOx emissions formed is determined at peak red 
water feed rate. Also, the stack gases are observed for the reddish-brown 
visual emissions of high concentration of NOx. 

- If the uncontrolled NOx emissions are unacceptable, and depending on the 
magnitude of the emissions and the required removal efficiencies, a deNOx 

system should be tested. Based on the NOx emission requirements, a thermal 
deNOx system may be adequate. Such a system can be retrofitted at the duct 
exiting the hot cyclone. NOx removal efficiency using the thermal deNOx 
system should be determined at the peak red water feed rate. 

I 
I 
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14.3 Air Pollution Control System 
The APCS consists of a partial quench, baghouse, I.D. fan, stack, and GEM system. The 

mechanical and process performance of each piece of the equipment at peak and turn down 

conditions should be determined. 

• Determine the Optimum Air/Cloth Ratio In the Baghouse. The system 
is designed for an air-to-cloth ratio of 3:1 at full load conditions. The baghouse 
performance for paniculate removal should be determined at various air-to-cloth 
ratios ranging from 1 to 3. 

• Precoating of Bags with Lime. The baghouse is sized and designed to 
remove friable particulates and fine salt particles because the salts can be sticky, 
especially in the presence of high moisture in the flue gas. An evaluation should 
be made whether a lime precoat on the bags will improve the operational 
reliability. 
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15.0 Operations and Safety Considerations 

15.1 Introduction 
The protection of workers and environmental health and safety (H&S) are major concerns 
during project implementation and cannot be compromised. This document presents a 
description of special H&S precautions related to operating and sampling a CBC for the 

destruction of red water for USAEC. This document is not intended to serve as the site 

health and safety plan (HASP). 

15.2 Regulations and Guidelines 
All activities conducted during the incineration of red water must be in compliance with 
applicable requirements of the following publications: 

• 29 Code of Federal Regulations (CFR) 1926, Construction Industry, Occupa- 
tional Safety and Health Administration (OSHA) Safety and Health Standards 

• 29 CFR 1910, General Industry OSHA Safety and Health Standards 

• 29 CFR 1910.120, OSHA Final Rule dated March 6, 1989, "Hazardous Waste 
Operations and Emergency Response" 

• National Institute of Occupational Safety and Health (NIOSH)/OSHA/USCG/U.S 
Environmental Protection Agency (EPA), "Occupational Safety and Health 
Guidance Manual for Hazardous Waste Site Activities," October 1985 

• American Conference of Governmental Industrial Hygienists (ACGIH), "Thresh- 
old Limit Values and Biological Exposure Indices," 1989-1990, or most current 
version 

• U.S. Department of Health and Human Services (DHHS), "NIOSH Sampling and 
Analytical Methods," DHHS (NIOSH) Publication 84-100 

• American National Standards Institute (ANSI), Practice for Respiratory Protec- 
tion, Z88.2, 1980 

• ANSI, Emergency Eyewash and Shower Equipment, Z41.1, 1983 

• ANSI, Protective Footwear, Z358.1, 1981 
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• ANSI Physical Qualifications for Respirator Use, Z88.6, 1984 

• ANSI, Practice for Occupational and Educational Eye and Face Protection, 
Z87.1, 1968. 

15.3 Hazard Assessment 
This section discusses the hazards that are anticipated to be encountered during operation of 
the CBC to burn red water. The potential hazards associated with operation of the CBC 

include chemical and physical hazards. 

15.3.1 Chemical Hazards 
Potential exists for personnel to come into contact with the following types of materials: 

• Reactive and toxic feed materials 
• Flammable solvents used in the sampling trains 
• Toxic and corrosive combustion products. 

15.3.1.1 Feed Materials 
The feed materials during routine operations is red water. Red water is the aqueous effluent 

generated during sellite purification of crude TNT. The characteristics of red water are 
presented at the end of this chapter. 

Explosion Potential. The red water has a solids heat content of 3,200 Btu/lb. The solids 
are in a solution that is 85 percent water, which makes the red water endothermic. 

CBCs were originally designed to manage materials with high heat content for energy 

production. The level of energy in the red water will not be dangerous for the CBC. 
Additionally, the large internal volume of the CBC will dissipate any pressure shocks that 
could occur from uneven combustion of the red water. 

Contaminated Surfaces. The red water will be pumped directly to the CBC feed port. In 

the unlikely event that red water is spilled, it should be cleaned up using wet methods and not 

allowed to dry. Dry TNT or related materials can explode due to friction or spark. 
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15.3.1.2 Ash 
The ash from the CBC will be a fine paniculate that may be toxic. It is unlikely that 

explosive materials will be found in the ash to present a physical or chemical hazard. 
Toxicity of the ash will be due to the presence of metals. The fine paniculate will be a 

respiratory hazard. 

Respiratory Protection. The following rules will be adhered to by all site personnel when 

respiratory protection is in use: 

• Only properly cleaned, maintained, NIOSH/Mine Safety and Health Administra- 
tion (MSHA)-approved respirators will be used on site. 

• Selection of respirators, as well as any decisions regarding upgrading or down- 
grading of respiratory protection, will be made by the site H&S officer upon 
consultation with a senior health and safety professional. 

• Used air-purifying cartridges will be replaced at the end of each shift or when 
load-up or breakthrough occurs. 

• Only employees who have had pre-issued qualitative fit tests and annual fit tests 
thereafter will be allowed to work in atmospheres where respirators are required. 

• If an employee has demonstrated difficulty in breathing during the fit test or 
during use, he/she will be given a physical examination to determine whether a 
respirator can be worn while performing the required duty. 

• No employee will be assigned tasks requiring the use of respirators, if based 
upon the most recent examination, a physician determines that the employee will 
be unable to function normally wearing a respirator or that the health of the 
employee will be impaired by use of a respirator. 

• Contact lenses are not to be worn while using any type of respiratory protection. 

• Excessive facial hair (beards) prohibits proper face fit and effectiveness of 
respirators; therefore, persons required to wear full-face or half-face respirators 
must not have beards, wide mustaches, goatees, extended sideburns, or Fu 
Manchu mustaches. All personnel wearing full-face or half-face respirators will 
be required to be clean shaven prior to each day's shift. 
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• Each respirator will be individually assigned and not interchanged among 
employees without cleaning and sanitizing. 

• Regular eyeglasses cannot be worn with full-face respirators because they 
interfere with the face-piece seal. Inserts must be utilized. 

• The respiratory protection used on site will be in compliance with OSHA, 
29 CFR 1910.134. 

15.3.1.3 Sampling Trains 
During testing programs, flammable solvents may be used in the sampling trains. Material 

Safety Data Sheets (MSDS) will be provided by the test team for these substances. 

15.3.1.4 Spiking Materials 
During testing programs, the feed stream may be spiked with materials that are toxic, 

reactive, flammable, and/or corrosive. It will be incumbent upon the test team to properly 

store and handle the spiking materials, and to provide MSDSs for these materials. 

15.3.2 Physical Hazards 
Several physical hazards are expected to be encountered during field activities. These hazards 
are similar to those associated with any mechanical project. These hazards include those due 
to poor housekeeping, equipment operation, the use of hand and power tools, handling and 

storage of fuels, and use of electrical power. 

15.3.2.1 Noise 
Noise is a potential hazard associated with the operation of mechanical equipment including 

the fans, blowers, power tools, pumps, and generators. 

All on-site personnel will wear hearing protection in areas where noise levels exceed a time- 
weighted average (TWA) of 85 decibels (dBA).  Hearing protection will be worn during 

activities if levels are suspected or shown to exceed 85 dBA. The site H&S officer will con- 

tinuously identify areas with high noise levels.  High noise areas will initially be monitored 

with a sound level meter or dosimeter. Areas with consistently high noise levels will have 
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signs posted notifying personnel that hearing protection is required. All employees working 

on or near the CBC will receive annual hearing conservation refresher training. 

15.3.2.2 Heat Stress 
Heat stress is a significant potential hazard associated with the use of protective equipment in 

hot weather environments. The signs and symptoms of heat stress and the physiological 

monitoring requirements are discussed below. 

Heat Stress Monitoring. Heat stress is caused by a number of interacting factors, 
including environmental conditions, clothing, workload, and individual characteristics. 
Extreme hot weather can cause physical discomfort, loss of efficiency, or personal injury. 

Individuals vary in their susceptibility to heat stress. Factors that may predispose individuals 

to heat stress include: 

Lack of physical fitness 
Insufficient acclimation 
Age 
Dehydration 
Obesity 
Alcohol and/or drug use 
Medical conditions 
Infection 
Sunburn 
Diarrhea 
Chronic disease. 

Reduced work tolerance and the increased risk of heat stress are directly influenced by the 

amount and type of personal protective equipment (PPE) worn. PPE adds weight and bulk, 
severely reduces the body's normal heat exchange mechanisms (evaporation, convection, and 
radiation), and increases energy expenditure. 
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Signs and Symptoms Of Heat Stress. If normal body temperature fails to be maintained 

because of excessive heat, a number of physical reactions can occur ranging from mild to 

fatal. Heat-related problems include: 

• Heat Rash. Caused by continuous exposure to heat and humidity and aggra- 
vated by chafing clothes. Heat rash decreases the body's ability to tolerate heat, 
as well as being a nuisance. 

• Heat Cramps. Caused by profuse perspiration with inadequate fluid intake. 
Heat cramps cause painful muscle spasms and pain in the extremities and 
abdomen. 

• Heat Exhaustion. Caused by increased stress on various organs to meet in- 
creased demand to cool the body. Heat exhaustion causes shallow breathing; 
pale, cool, moist skin; profuse sweating; and dizziness. Heat exhaustion can be 
alleviated by promptly moving the affected individual to a cool place to lie down 
and providing cool fluids to drink. 

• Heat Stroke. The most severe form of heat stress. Heat stroke symptoms 
include hot, dry skin; no perspiration; nausea; dizziness; confusion; strong, rapid 
pulse; and coma. The body must be cooled immediately to prevent severe injury 
or death. Relief is possible only by emergency measures that quickly reduce 
body temperature to avoid irreparable damage to the body. 

Heat Stress Prevention. One or more of the following practices will help reduce the 

probability of succumbing to heat stress: 

• Provide plenty of liquids to replace the body fluids lost by perspiration. Fluid 
intake must be forced because, under conditions of heat stress, the normal thirst 
mechanism is not adequate to bring about a voluntary replacement of lost fluids. 

• Provide cooling devices to aid natural body ventilation; however, these devices 
add weight and should be balanced against worker comfort. 

• If possible, install mobile showers or hose-down facilities to reduce body 
temperature. 

• If possible, provide cool protective clothing. 

• If possible, conduct field operations in the early morning. 
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• Acclimate workers to heat conditions when field operations are conducted during 
hot weather. 

• Train personnel to recognize the signs and symptoms of heat stress and its 
treatment. 

• Rotate personnel to various job duties if possible. 

• Provide shade or shelter to relieve personnel of exposure to the sun during rest 
periods. 

Individuals succumbing to the symptoms of heat stress will notify the site H&S officer. Early 

detection and treatment of heat stress will prevent further serious illness or injury and lost 
work-time. Proper and effective heat stress treatment can prevent the onset of more serious 

heat stroke or exhaustion conditions.  Individuals having progressed to heat exhaustion or heat 

stroke become more sensitive and predisposed to additional heat stress situations. 

Physiological Monitoring. Ambient temperature and other environmental factors provide 

basic guidelines to implement work/rest periods. However, because individuals vary in their 
susceptibility to heat stress, physiological monitoring will be used to regulate each individ- 
ual's response to heat stress when ambient temperatures exceed 70°F. Monitoring frequency 

will increase as ambient temperature increases. The three physiological parameters that each 
individual will monitor are: 

• Heart Rate. Each individual will count his/her radial (wrist) pulse for 30 
seconds as early as possible in the first rest period. If the heart rate of any 
individual on the sampling team exceeds 100 beats per minute at the beginning 
of the rest period, then the work cycle will be decreased by one-third. The rest 
period will remain the same. 

• Oral Temperature. Each individual will measure his/her oral temperature with 
a single-use clinical thermometer for 1 minute as early as possible in the first 
rest period. If the oral temperature exceeds 98.6°F at the beginning of the rest 
period, then the work cycle will be decreased by one-third. The rest period will 
remain the same. 

• Body Water LOSS. Each individual will weigh his/her self before starting 
work and at the end of each work shift 
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An individual is not permitted to return to work if his/her oral temperature exceeds 100.6°F. 

Physiological monitoring information will be recorded on the Employee Record for Heat 

Stress. All monitoring will be performed by persons with a minimum of current Red Cross 
first-aid certification and individualized training to recognize the symptoms of heat stress. 
The site H&S officer will specify the work cycle period and the rest cycle period based on 
heat stress monitoring as per 1991-1992 ACGIH Threshold Limit Values (TLV). 

15.3.2.3 Cold Stress 
At certain times of the year, workers may be exposed to the hazards of working in cold 

environments. Potential hazards in cold environments include frostbite and hypothermia, as 
well as slippery working surfaces, brittle equipment, and poor judgement. 

To minimize the risk of the hazards of working in cold environments, workers will be trained 
to recognize the physiologic responses of the body to cold stress. 

Physiologic Response to Cold Stress. Personnel who are exposed to temperatures 
below -10°F with wind speeds of greater than 5 miles per hour (mph) will be medically 

certified as suitable for such exposure. Employees will be protected from exposure to cold so 
that their body core temperature does not fall below 98.6°F. Lower body temperatures result 
in reduced alertness and a reduction in thought processes or loss of consciousness. 

Pain in the extremities (i.e, fingers, toes, ears, and nose) may be the first signs of cold stress, 
because these areas have high surface area-to-volume ratios. Uncontrollable shivering occurs 
during exposure to cold when the body core temperature falls below 95°F. This symptom 
should be taken.as a sign of danger, and work terminated with workers moving to a warm 
environment 

Ambient air temperature and the velocity of the wind influence the development of a cold 
injury. Wind chill is used to describe the chilling effect of moving air in combination with 

low temperature. As a general rule, the greatest incremental increase in wind chill occurs 

when a 5-mph wind increases to 10 mph. Additionally, water conducts heat 240 times faster 
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than air. Thus, the body cools suddenly when chemical protective clothing is removed and 

clothing beneath is soaked with perspiration. 

Signs and Symptoms Of Cold Stress. Local injury resulting from cold is included in 

the generic term "frostbite;" however, there are several degrees of damage. Cold-related 

injuries include: 

• Frost nip or incipient frostbite is characterized by sudden whitening or blanching 
of the skin. 

• Superficial frostbite gives the skin a waxy appearance and is firm to the touch, 
but the tissue beneath is resilient.  Superficial frostbite can be treated by cover- 
ing the cheeks with warm hands, placing frostbitten fingers beneath the armpit 
next to the skin, or placing frostbitten feet beneath the clothing against the skin 
of a companion. 

• Deep frostbite is characterized by cold, pale, and solid tissues. Deep frostbite is 
an extremely serious injury and affected individuals will seek medical attention. 

• Systemic hypothermia is caused by exposure to freezing and rapidly dropping 
temperatures.  Hypothermia symptoms are visually exhibited in five stages: 

- Shivering 

- Apathy, listlessness, sleepiness, and sometimes rapid cooling of the body to 
less than 95.5°F 

- Unconsciousness, glassy stare, slow pulse, and slow respiratory rate 

- Freezing of the extremities 

- Death. 

Cold Stress Prevention. Prevention of frostbite is a function of whole-body protection: 

• Adequate insulated clothing should be worn when the air temperature is below 
40°F. Insulated coveralls, thermal socks, long underwear, hard hat liners, and 
other cold-weather gear aid in the prevention of hypothermia. 

• Warm break areas and drinks (no caffeinated coffee) aid in warming the body. 
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• Train personnel to recognize the signs and symptoms of cold-related injuries and 
their treatment 

• Personnel will tiy to keep from getting their bodies and clothing wet, as this will 
only accelerate the effects of cold stress. However, if personnel should get wet, 
they will be allowed to dry off and change clothes. 

• In addition, reduced work periods may be necessary in extreme conditions to 
allow rest in a warm area. 

15.3.2.4 Burn Hazards 
The surface of the CBC will be more than 300°F. Therefore, there is a real burn hazard. 
Other hot spots may be the ash, the baghouse, the fans, the stack, and all duct work.  Bums 
can be prevented by avoiding contact with hot surfaces and by using the proper protective 

equipment when working on or near hot surfaces. 

15.3.2.5 Explosion Hazard 
The auxiliary fuel for the CBC will be natural gas. To prevent an explosive buildup of 

natural gas in the CBC the following will be observed: 

• All auxiliary fuel valves will be installed in a double block and bleed manner 

• CBC will be purged with air before the burner is started 

• CBC temperature will be above 1300°F before auxiliary fuel is fed directly to 
the CBC 

• Flame sensor will monitor the flame whenever a burner is in operation. 

15.3.2.6 Fire Hazard 
High temperature in the baghouse could cause the bags to catch fire. To prevent this 
problem, the temperature of the gases before the baghouse will be continuously monitored and 
if the temperature exceeds the manufacturer's recommended maximum temperature, the 
auxiliary fuel will be cut off. 
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15.3.2.7 Confined Space Entry 
The CBC shall be evaluated to determine if any spaces are permit-required confined space. A 

permit-required confined space is a space that: 

• Contains or has the potential to contain a hazardous atmosphere 
• Contains a material that has a potential for engulfing an entrant 
• Is configured such that an entrant could be trapped or asphyxiated 
• Contains any other safety or health hazard. 

A sign reading "DANGER-PERMIT-REQUIRED CONFINED SPACE, DO NOT ENTER" 

will be posted at the entrance to any confined space. 

Before entry into a permit-required confined space, a permit must be obtained from the site 
H&S officer. Only properly trained, authorized entrants may enter a confined space. A 

properly trained attendant must monitor the entrant from outside of the confined space. The 

appropriate PPE must be worn by the entrant and available for the rescue service. 

15.3.3 Activity Hazard Analysis 
This section provides an analysis of the likelihood of exposure to chemical and physical 
hazards and the risks associated with those exposures. 

15.3.3.1 CBC Erection 
The likelihood of exposure to chemical hazards is low, and the associated risk is low. 

The likelihood of exposure to physical hazards is low to moderate. Heavy equipment 
operation and working at elevated locations pose moderate hazards during CBC erection. 

Other anticipated physical hazards include noise, electrical hazards, pinch points, heavy 

lifting, fuel handling, and heat stress.  Control measures that will be employed to reduce the 

potential risk of exposure include properly maintained heavy equipment, employee training to 
recognize physical hazards, and adherence to the heat and cold stress guidelines contained in 
the HASP. 

By: PO Operations and Safety Considerations Area No.: 
Checked:  PA IT PCE Area Name: All areas 
Approved: PA Knoxville, Tennessee 
Date: 01fl2/95 Rev. No. (0) (1) Page:   11 of 13 
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PROJECT NAME: USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland  WP: WP1585.15 

15.3.3.2 Performance Testing 
During the performance test, samples of the red water will be analyzed. The red water may 

be spiked with organic chemicals and heavy metals, which present potential inhalation and 
skin contact hazards during the addition and subsequent sample handling activities.  Control 
measures that can be employed to significantly reduce the potential risk of exposure include 
enclosed mixing and the use of PPE. 

The likelihood of exposure to physical hazards is low to moderate. Equipment operation and 

material handling activities pose low hazards during trial burn preparation activities. Other 

physical hazards include heavy lifting, noise, electrical hazards, fire, and elevated work areas. 

Control measures that will be used to reduce the potential risk of exposure include proper 
equipment maintenance, trained operators, grounding and bonding during liquid transfer, 

adherence to lock-out/tag-out procedures, and utilization of proper tie-off procedures. 

15.3.3.3 Maintenance Operations 
The likelihood of exposure to chemical hazards during maintenance activities is low. The 

area of concern for this analysis is from the feed port to the stack. All red water that enters 

the CBC will be combusted, so red water (and its constituents) will not be present in the CBC 

during maintenance operations. A separate analysis of maintenance of the waste feed system 
should be considered, but this is beyond the scope of this document. 

The likelihood of exposure to physical hazards is low to moderate. The risk associated with 
exposure to these agents is moderate, based upon the potential for serious injury from 
electrical hazards, pinch points, and moving equipment. Control measures that will be 
employed to reduce the potential risk of exposure include employee training and the prepara- 

tion of site-specific standard operating procedures (SOP). Examples of these procedures 

include: 

• Lockout/tagout procedure 
• Confined space industrial 
• Welding, cutting, and other hot work in hazardous locations 
• Isolation of and entry into the CBC. 

By: PO Operations and Safety Considerations Area No.: 
Checked:  PA IT PCE Area Name: All areas 
Approved: PA Knoxville, Tennessee 
Date: 01A2/95 Rev. No. (0) (1) Page:   12 of 13 
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PROJECT NAME: USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.15 

15.3.3.4 Operation of the CBC 
A variety of chemical and physical hazards are associated with the operation of the CBC. 

Hie primary control measures include good engineering design, employee training, and the 

preparation of site-specific SOPs. 

The likelihood of exposure to chemical hazards during routine operations is low and should 
be limited to exposure during sampling of the waste feed and the ash. 

The likelihood of exposure to physical hazards is low to moderate. Hazards addressed in the 
SOPs will include noise, electrical hazards, work at elevations, slip/trip hazards, pinch points, 

and hot surfaces. 

Either a task-specific hazard analysis or an SOP will be developed prior to starting a 
particular task. 

By: PO Operations and Safety Considerations Area No.: 
Checked: PA IT PCE Area Name: All areas 
Approved: PA Knoxville, Tennessee 
Date: 01/12/95 Rev. No. (0) (1) Page:   13 of 13 
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RISK ASSESSMENT OF MUNITIONS CHEMICALS TO 
DEVELOP DRINKING WATER HEALTH ADVISORIES 

The US Army and the US Environmental Protection 

Agency established a Memorandum of Understanding to 

cooperate  In developing Health  Advisories (HA)  for 

munitions chemicals that may  occur in  drinking  water. 

Health Advisories, developed  by the Office of Drinking 

Water,  describe  nonregulatory  concentrations  of  drinking 

water  contaminants  at which  adverse  health  effects  are  not 

expected to occur over specific exposure durations.    They 

provide   informal  technical   guidance  that   assist   public 

health  officials  when  contaminations  occur.     Health 

Advisories (HA) are  developed  for One-day,  Ten-day, 

Longerterm  (7 years or  10%  lifetime)  and  Lifetime 

exposures based on systemic, noncarcinogenic toxicity.     A 

threshold   dose-response  relationship   is  assumed.     Lifetime 

HAs are not recommended for known or probable human 

carcinogens (EPA eiasses A and B, respectively).    A potency 

value  (unit  risk),   derived  from   the   linearized   multistage 

model with 95% upper confidence limits,  is used to 

calculate risk for a  lifetime exposure to  carcinogens  In 

drinking   water. 
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Health Advisory 
Values 

GeiwrdfomufauMd for 1-day (bated on toxfchy 
studk* with 1 to S day»wipo»ur*), 10-day (baaed on 
toiidtyttudiciwith 7 to 14 days expoaire), or longer 
term (up to 7 yean; burnt on toiüdty rtudle» with 90 
day« to 1 year aspoaure) adviaory limit*. 

HA  - 

WlltfCt 

NOtfLor 
IOAEI   » 

iW 

UF 

l/day 

(NQAaorLQAH.)(BW) 

(UF) (l/day) 
= mg/l 

No- or LowoJt-Obwrvoi-Advene- 
Efect level in (rag/kg bw/dey) 

aaumicdbody wei|htof a cMId (10 kg) 
oranadurt(70kg) 

uncartalmy foetor (10,100,1000) in 
accordance with N AS/ODW guidefina 

aamnwd wator eanaumption of a child 
(11/day) or an adult (2 l/day) 
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Litetime 
Health Advisory 

Three-step process for calculating lifetime 
HA value: 

Stcpl;   DetermlnaticW Inference Ooo»(RfD> 
An estimation of daily human exposure IBceiy tobe 
without appreciable rufe of daunorioui (nor». 
carcinogenic) health effect» in the human 
population (including lerurtive subgroups) over a 
lifetime. 

Step 2:   Determination of Drinking Water Equivalent Level 
(OWED 

OWE: 
(IM)(8W) 

OL/day) 

where:   tfD       =    Reference Dose 
BW       =    anumed adult body weight (70 kg) 
2L/day ■    aawmed water consumption of adult 

Step):   Dttonaliaüon of lifetime HA value 

HA«(DWBJ(Ka»mg/L 

where   DWa   «    Orirtfng Water ftuitvaie* Level 
ISC      -    Relative Source Contribution; 

aawmed percentage of dally 
exposure comnouico oy etgefimg 
drinking water; 
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Carcinogenic Risk 
Categories 

Drinking water contaminants are categorized 
according to their carcinogenic potential: 

Group A 
CroupB 
CroupC 
Croup 0 
Croup E 
Humam 

Human Carcinogen 
Probable Human Carcinogen 
PoMubk Human Carcinogen 
NetClaMinabie 
No Evidence of Carcinogenielty for 

Group A and B Carcinogens; 
Upper-bound excess cancer risk estimated by the 
LbMrized Mdtutage (LMS) mithematlczl model. The 
IMS model fit» linear domupoim curvei to low 

i and ■ consistent with a no4hreihoid model of 

Croup C Contaminants; 
Health rick based en a nencarcinogenk endpoint with 
an additional uncertainty factor (of from 2 to 10) 
applied to the Lifetime Health Advisor* The extra 
factor provide» an additional safety margin to account 
for poatftle cancer effects. 
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Health Advisory Values 
OiwOay (Child) 0.02 mg/f 
Tcrv-Oay (Child) 0.02 mg/L» 
Longer-Term (Child) 0X2 mg/L 
LongeMemi (Adult) 0X2 mg/L 
Lifetime 0.002 mg/L 

Basis of Longer-Tetm (Child and Adult) ind 
Lifetime HAK Levin« ef a/. (1983); Lowest-Observed- 
Adven»fffeet Level (OS mg/kg/day) far G«vr effect 
(hepatocvtomegalie) in dogs exposed for 26 weeks 
via diet. 

t immt» HniiiHiim»it»Wii MHW >i>«iii 

Genotoxicity 
Sefawne/te Positive 
to vnw Bone Marrow (Rat): Negative 
In vüro ÜDS Human Oipkwd Rbroblaste Negative 
Bone Marrow Micronurieu» Assay: Negativ« 
In vfro/to vitm UDS Hepatocytes (Bat): Negative 

Two-Year Bioassays 
Mice Negative 
Bate Positive for urinary bladder papilloma* and 
carcinonBs in females 

Potency: SF - 3*1»4(I»|g/kg/day)•, 

Cancer Model for io* Kb* 
Linearized Muitistage imA 
OnoHit QJ\if/L 
Probit rooug/L 
Legit Muj/L 
Wefcufl lOug/L 

Cancer Classification 
ITA Croup C, PosAie Human Carcinogen 
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Octahydro-1 ,:$,!7,7-tetranitro- 
1 ,3,5,7-tetrazocine 

(HMX) 

Health Advisory Values 
One-Oay (Child) 
Ten-Oay (Child) 
longer>Tenn (Child) 
LongeKTemt (Adult) 
Lifetime 

5mg/L" 
Smg/l» 
Srof/L 

20mg/L 
0.4mgA 

Basis of longer«Term (Child and Adult) and 
Lifetime HA: Everett et a/. (198S); NoObserved- 
Adverse*EfFeet Levd (SO mg/kg/day) for fiver lesions in 
male tats fed HMX in the diet for 90 days. 
•»«*■■ ■■WH» M—y—H ^mllj <ml Um w> <m«, Vil.nln.« im 

Genotoxsrity* 
Sa/monettB Negative 
Sacdaromyces cerevmae Negative 
*te*few»< ■dap««** MrftlMlMri »•rtafc«f< 

Two-Year Bioassays 
No studies found in the literature 

Cancer Classification 
&k Group 0, Not Classifiable as to Human 
Carcinogenic ity 
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Hexahydro-1 , 3,5-trinitro 
1,3,5-triazine 

(RDX) 

Np2 

N^N, 
OoN 

\ 
NO, 

Health Advisory Values 
One-Oay (Child) 0."Jmg/L» 
Ten-Day (Child) 0.1mg/L* 
Longer-Term (ChiWl O.lmg/1 
Loneer-Term (Adult) Q.4mg/L 
Lifetime 0.002mg/L 

Bain of Lifetime HA: levine er at. (1983); No- 
Observed'Adverse.Bfect Level (0.3 mg/kg/day) for 
prostate effects (suepurath* inflammation) in rats 
exposed via diet for 24 months. 

Basis of Longcr-Tcrm HA: Martin and Hart (1974); No. 
Osserved-Adver9e>EReet Level (1 mg/kg/day) for 
ncurologkai effects (convulsions) in cvnomoigus 
monkeys exposed via diet for 90 days. 

»VMmtfwimitaaaMiMM 

Genotoxirity 
Salmonella: Negative 
Dominant Lethal (tats* Negative 
In vitro DOS Human Fferoeiasts: Negative 

Two-Year Bioassavs 
Rats (Two Strains): Negative 
Mice Positive for hepatocdkilar carcinomas and 

adenomas m females 

Potency: $F »1.U10-' (mg/ltf/day)- 

Cancer Mo del for 10* Risk 
linearized 
Prebit 
Legit 
toemull 

Multistage Wug/l 
<OJX>2ug/l 
<0-002ug/l 
<0.002ug/l 

Cancer Classification 
t7A Croup C, Possible Human Carcinogen 
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Diisopropyl methylphosphonate 
(DIMP) 

Health Advisory Values 
One-Day (Child 
Ten-Day (Child} 
Longer-Term (Child) 
longer-Term (Adult) 
Lifetime 

•mg/f 
•mr/L« 
orng/L 

30mg/l 
(tfrng/l 

Basis of Longtr.T«nn {Child and Adult) and 
lifetime HA: Hart (1980); Developed NOA& of 75 
mg/kg/day based on »0-day dietary study in does. 

Mtef»-anaMAtar1*t|*U 
V«*t 

Cenotoxicity 
UknoneOx Negativ« 
Sacdiaromyee» etna/mm Negative 

Two-Year Bioassays 
N« studies found in the literature 

Cancer Classification 
EPA Group D, Not Oasaifbbie as to Human 
Carcirwgcnidty 
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Health Advisory Values 
One*Oay (Child) 11rog/l* 
Ten-Day (Child) llmg/l 
Longer-Tcrm (Child) llmg/l 
Longer-Term (Adult) 37mg/l 
lifetime 0.74mg/l 

Bam of Lifetime HA Value Morgan et ai (1988b); Body 
and organ weight change* in female rats exposed for 90 
days via diet 

Basis of TervCay HA Value Morgan ef aL (1988a); 
Increased witer consumption, decreased eledroryto, 
and decreased heart weights in rats exposed for 14 
days. 

Basis of longer-term HA value Morgan ef äl. (1988b); 
Decreased body «wight, increased brain/body weight 
ratio, and increased water consumption in rats exposed 
for 90 days via diet 

'I        'l '- "-'- il-rm '■ r ml' «■■ tiiiiij 

Genotoxicity 
SaenenettB Negative 
Mouse Lymphoma CeOc Negative 
*i trtroChinese Hamster Ovary: Negative 
Dominant lethal («at, Mice): Negative 

Two-Year Bioassays 
No studies found in the literature 

Cancer Classification 
g4CroupD,NotOisiifiibteaitoHiananCarcäicgenidty 



1,3-Dinitrobenzene 
(DNB) 

Health Advisory Values 
One^Jay (Child) 
Tcn-0«y (Child) 
LongeNTenn (Child) 
Longer-Term (Adult) 
lifetime 

tUmg/l* 
(Mmg/l- 
0.4mg/L 
0.14 ms/L 
MOImg/L 

Bui* ef Lifetime and Longer-Term (Child and Adult) 
HAs Cody ef aL (1981); NoObserved<Adverse-Effect 
level (1.3 mg/kg/day) for effects on spieen 
(hemotiderin deposition) and testet (reduced weight 
and decreased spermatcgene«) m rats given 1,3-ONB 
in drinking water lor 1« weeks. 

HI   lllll      l^^lwjMilwiHAfcf 101n«»M. 

Genotoxirity 
SaAnoMdB Mixed result* (potitve & negative in same 
strain) 
SaccnanmyecscerevMac: Negative 
bdmidtücalk Negative 
ai vitro UOS HI rat hcfBtocytec Negativ« 

Two-Year Bioassays 
No studies found in the literature 

Cancer Classification 
EPA Croup D, Not Classifiable as to Human 
Carcinogenirity 
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Smg/f 
5mg/L 
0.lmg/L 
0.4S mg/L 
0.001 tng/l 

Basis of Lifetime and longeNTerm (Child and Adult) HAi: 
Gorans« et at. 0980); Ne-C^rved-Advenw-Efffect Level 
0 J mg/kg/day) for liver (rtepatocytemeglia) and kidney 
(renal tubular atrophy and degeneration) lesions in rats 
fed hexachioraethane in the diet for 16 week». 

BaaitoflemOayHA: Gorzinskt er rt (1980); No- 
pb«cnfeil^dven»4gea Level (50 mg/kg/day> far liver 
hepatic necrosis and decrease in body weight am in rats 
fed heaehloraethane In the diet for 16 days. 
^*«iW.I.(lMVm^M, »- '--     -■     -   1        |        | 

Genotoxidty 
SaftnoneÄB Negative 
SaMnammvesf Negativ« 

Two-Year Bioassays 
täte PMHive for renal carcinomas and adenomas in mala 
Mice; Positive for hepatoeeJIuiar carcinoma m males and 
females 

Potency: SF * i^xio-^mf/kg/dayr' 

Cancer Model for 10* u* 
linearised Multistage 3 pg/i 
One-Hit -j ^mn 
Probit 5000 m/L 
togit SOug/L 
WeibulJ 2 m 

Cancer Classification 
E*A Cmup C, POMM« Human Carcinogen 
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Health Advisory Values 
One-Day (Chad) Not recommended« 
Ten*Day (Child) Not «commended" 
longer-Tern (Child) Not recommended' 
longer-Tent» (Adult) Not recommended" 
lifetime OuOOOl mg/l 

i of Lifetime HA: Condray (1985); No-Objerved- 
Advene-Hfcct level (O015 mg/kf/day) for parturition 
mortality in female rats fed White Phosphorus in the 
diet for 4 to $ month». 

Genotoxtcity 
SabnoneUx Negative 

Two-Year Bioassays 
Nottudics found in the literature 

Cancer Classification 
EPA Croup 0, Not OasslfiabJe as to Human 
Carcinogenic ily 



Health Advisory Values 
Nitrocellulose w non»to>ic at all doses studied, 
and foiled to be digested and absorbed in ail species 
(rats, dogs, and mice) tested. 

Health Advisory values appear to be unnecessary. 

Genotoxicity 
SaAnoneAi: Negative 
tn vivo Kidney Ceils and lymphocyte» (Rat): 
Negative 
In vivo Bone Marrow and Kidney Cell (Rat): 
Negative 

Two-Year Bioassays 
Dogs Negative 
Rats: Negative 
MIee Negative 

Cancer Classification 
Not Classified by EPA 

J 



Health Advisory Values 
One«Oay (Child) 
T«*{>ay (Child) 
LongcfTcrm (Child} 
LongeMemn (Adult) 
Lifetime 

0.00Smf/L 
0.005 mgA 
OUXBrng/L 
OOOSmg/L 
O.OOSmg/1 

Basis of HA values Human No-BTecMevei for 
vasod&ation. Animals were generally less sensitive to 
the effects of TNC. 

Genotoxicity 
Sabnandb: Negative to Weak 

. la wVoBone Marrow and Udney Cefi (Rat): Negative 
Dominant Lethal (ftatit Negativ« 
to v/vo iCdney Ceib and Lymphocytes (Dog, Ratk 
Negative 
In vitro Chinese Hamster Ovary: Negative 

Two-Year Bioassays 
Dogs: Negative 
Mice Negative 
tats: Positiv« for hepatocettular carcinoma (malet and 
females} 

Potency: Sf «I .fittIO* (mg/kg/day)" 

Cancer Model for 10* «sk 
Linearized Muhiatage 2ug/L 
Orn^Hit 2wg/l 
ProWt UOfig/L 
Loot (Mug/l 
WeibuU 0.1ug/l 

Cancer Classification 
Not Classified by EPA 
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1I# GENERAL INFORMATION AND PROPERTIES 

Trini=rotoluene (T5CT) or- mere «Pacifically, o-TNT is the common designation 
for 2,i,6-trinltrotoluene. the most widely used military high-explosive 
(Cestorlna,   1980).    For purposes of this HA, th« synonym, TKT, will.be used 
throughout co «far to 2,4,©-trinitrotoluene.   Along with TKT. the symmetrical 
isomer, five meta or unsyaaetrical trinitrotoluene isomcrs are found la the 
crude product resulting fron the nitration of toluene with nitric acid In the 
presence of sulfuric acid.   The nitration occurs In a step-wise fashion by a 
batch or continuous process. 

The continuous process as employed at the Eadford Army Ammunition Plant 
(KAAP), a prototype for Army Ammunition Plants (AA?s)«  utilises 99Z nitric 
acid and 44Z oleum (109Z sulfuric acid, a solution of sulfur trloxide in 
anhydrous sulfuric acid; Small and Rosenblatt, 1974)  to nitrate toluene in aix 
stages to crude TKT which is then subjected to purification with aqueous 
sodiua sulfit« (selllt«)  (Ryon et al.t- 1984).    This process has been further 
modified to employ eight nitrator vessels fitted with dynamic (centrifugal) 
separators, thereby ensuring a greater degree of safety and efficiency.    The 
purification process consists of two acid washes, three sellitc washes and two 
poet-sellite washes. 

The crude TKT contains approximately 5Z of the meta-isomers.    These are 
reduced to about 0.6Z by the sellite purification.    Crude TKT also contains 
approximately 1Z of the six dinltrotoluene (DKT)  isomer«, which arc not 
removed during purification, and slightly more than 1Z oxidation products, 
which are reduced to <1Z by purification.    Three additional impurities, 
amounting to <LZ, are Introduced by the sellite proceas  (Ryon et el.,  1984). 
Total Impurities constitute not more than 3.241 of the finished TKT (Pal and 
Ryon,  1986). 

The resulting aonoellnlc rbombohedric crystals, as described in Rosenblatt ec 
al.  (1971), when very pure, melt at 80.99*C, although a malting point aa high 
as 81.6'C has been reported sad 80.65'C is a commonly accepted figure  (80.1 - 
8l.6*C).    The color la usually pale yellow, but a ehromatographieally purified 
sample has been described as faintly yellow to pure whine.    A boiling point of 
210* to 212"C at 10 co 12 mm Bg has bean determined.    The specific gravity has 
been variously reported over the range of 1.3 to 1.6 gm/ce.   Although the 
solubility of TKT la water at 20*C is only 0.013Z (130 mg/L), this is 
significant for pollution and health Issues.    Its solubility in organic 
solvents runs much higher, e.g., 109 gm/100 g of acetone at 20*C. 

Two gradea of TKT are used for military purposes and chair purities are 
measured by the solidification point (alao termed freezing point or aettlng 
point), which Is considered more reproducible than a malting point.    Grade 
IZZ, the more highly purified grade, ha« a solidification point of 80.4*C. 
minimum, and exists as a fine crystalline form (Department of the Army,   1967). 

II-l 
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Cener.1 ch«ic»l tIld phy$iCil eh.wct.ri.eie. of TKT .r. pr..ent«d in Table 

high llTolllll IT,? T** Ch€ 1,Mt lap"t- "d «rlctl«««,itivt of the 
!«r«irrL^     ! *■***«*•• *«*»•* during it. production (.xcepc for 

" th"e) Ao «< -«•« it. .«.itivity.    It en b. fur?h«r 

without »ny dtcrtts« in nuritv      TMT h— w        *     ! ,co™ mt " c fo* 2 y«*rs 
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TABLE II«! 

■ .- GENERAL CHEMICAL AXD PHYSICAL PROPERTIES 
OF 2,4 ,6-TRINITR0T0LUEHE"' 

CAS Number i18-96-7 

Names TNT. ©.-trinitrotoluol» l-methyl-2,4, 
6-crlnitrobeazene, trotyl, tollte, 
triton, tritol, trilite, a-TKT 

Molecular weight 227.13 

Empirical formula C7 W* 
Structure 

N02 

Color 

Physical «tare 

Specific gravity 

Liquid density 

Vapor preaaure 

Yellow to white 

Honoelinic rhombohedral crystals 

1.6S4 

1.465 g/cm3 

0.053 mm (B5*C); 0.106 as (100*C) 

Solubility eharactaristica Water: 0.013 g/100 g (20*C) 
Carbon tetrachlorida: 0.65 g/100 g 
(20'C) 
Toluene: 55 g/100 g (20*C) 
Acetone: 109 g/100 g (20*C) 

Halting point 

Boiling point 

Freezing point 

Flash point 

80.1 - 8l.6*C 

210*C (10 mm) - 212'C (12 mm) 

80.75 » 0.05#C 

240'C (explodes) 

Conversion factor 1 ppm < 9.28 sg/m3 C2S*C; 760 mmHg) 
1 *g/»J • 0.108 ppm (25*C; 760 mmHg) 

, * Reference«: Clayton and Clayton (1981); Rosenblatt et al. (1973); 
Department of the Army (1967); Vlndholc (1976); Zakhari and Villaume 
(1978) 

■J 

• 
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HI, OCCURRENCE 
V 

Trinitrotoluene was produced and used on an enormous scale during World War 1 
and World War II and may b« considered the most important military bursting 
charge explosive. It has found wide application in shells, bombs, grenades, 
demolition explosives and propellant compositions (Department of the Army, 
1967). 

Trinitrotoluene is manufactured primarily by tha continuous process, as 
described above, in Army Ammunition Plants (AAPa). Production from 1969-L971 
was reported as 45 million pounds/month with a capacity of 85 million 
pounds/month (Ryon et al., 1984). It has been reported that as much as one 
half million gallons of vastewater have been generated per day by a single 
plant involved in the production of TKT (Hartley et al., 1981). 

Trinitrotoluene wastes have ■ unique terminology as described in Rosenblatt et 
al. (1973). "Nitrcbodies" include TKT, other TNT isomers, products from ehe 
sellite purification process and by-produets from the produccion process. The 
spcnc sellite washings are high in solids content and are called "red water . 
Ryon et al. (1984) have reported that "TKT is the largest single non-polar 
component". The major organic components identified ars 2,4-dinitrotoluene- 
3-sulfonete and 2f4-dlnltrotoluene-5-sulfornate, wbieh make up approximately 
one-third of the polar organic fraction. Such water is Intensely red-colored 
and either is sold to paper mills for sulfur content or is concentrated by 
evaporation and incinerated. It is not amenable to purification and, beeause 
it is classified by EPA as a hazardous waste, it cannot be discharged into 
streams. 

"Pink water" comes from both manufacturing plants and from load, assemble and 
pack (IAP) facilities. That from manufacturing plants can arise from Hahee 
fog filter effluents and nitrator fume scrubber discharges snd is known to 
consist of the DKTs. While not positively Identified, these two tour CM of 
"pink water" are also believed to contain all TKT Isomers, mononitrotoluenes 
(KNTs) and possibly dinitro-m-cresels arising from the displacement of a nitro 
group on TKT isomers. Additionally, "pink water" from manufacturing plants 
arises from "red water" distillates (evaporator condensate from concentration 
process) and consists of DKTs, while thote from finishing building hood 
scrubber and wash-down effluents are also believed to contain primarily DKTs. 
Spent seid recovery wastes may be an additional souree of "pink water 
generated during the manufacturing process (Deere end Rosenblatt, 1974). On 
the other hand, "pink water" from LAP facilities, resulting primarily from 
shsll washout operations, contains essentially pure TKT, usually contaminated 
with hexehydro-l.3,5-trlmitro-l,3,5-triaxina C1DX) or other additives. The 
pink color — pals straw to brick red — arises under neutral or basic 
conditions, especially when the westes are exposed to sunlight (Kossnblstt et 
al., 1973). 
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A number of photodegradacion products of TNT have been identified in. organic 
solvent extracts of "pink water" ,v   Those degradation produce» that are water 
soluble (but not axtractabla by organic solvents) have not bean fully   • 
characterized; however, as many as thirty cospoaents of condensate wastewater 
(i.e. steam distillates arising froa the concentration of "r»d water" by 
evaporation) obtained froa ehe Volunteer AAP have been identified and 
quantified (Table 1II-1).    Other constituents not derived fro» TNT degradation 
include tb« lexicologically significant OKT lsoaers, particularly 2,4- and 
2,6-DNT (Dacre and Rosenblatt,  1974). 
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VI.      HEALTH EFFECTS 

in baeterial end animal taste, respectively. 

A.       lUalth Effect«  In Humsne 

' ^      A * •*.. i.*.. «e.u «enufacture of TKT during World Wer 1, many 
With the edvent of the large »"J* T*^!*!!"" „tl0B,    Duria, 0ne 7 month 
munitioua workers reportedly died of TNT intoxication,    ""r* x 

^ „    ttK -...rhc f2 8f.} occurred among 17,000 casea of TUT poisoning,    in 
period. 475 death* C2.8X) oc'r;go f"" *    ,!  ssi  occurr#d «song 7.000 cases of 
one munition* plane alone,  105 fstalitie* U.ss; oceurreu M»B»    . 

25 yeer period were reported among 475 caea* oi toxic j-u»» 
exposure to TNT (Zakbari and Villaume,  1978). 

With th. i»cre...d .waren... of the haxard. »' ^/S^^/^^ 
Utaliti.s .ignificntly decraaaed during World War II. dwplw■ £•»«' 
incr.es. in th. production of thi. «-fe-'"- ,^«1^5«^ 111 
reported in the period be wen June, »41 and *£^£« vnreT. to toxic 
gov.mment-own.d ordnance «xplo.iv.s planta.    "«*<*£""*;!«£'? 
I     ™7T. .~A \% ISM\ Mn due to aplaatic anemia (Zekhari and Villaume, hepatitis and 13 Q3W) «are oue to •?*—*•«*   ..„•-•-* «rareee concentrations 
1978).    Only one-third of the 22 «ere expo.ed to WT at ■""•V"'•*"*; 
ov.rl.5 mg/.3. the exlati», workplace atandard (OSHA, »J»-   *« £r.ons 
ce.es. hepatitis we. reported to occur ~ **2£^^TEöT2£ 
(average age. 30 ye«.), with aplaatic anemia J^J^JSL«^ ^ 
older person, (average aga. 45 years).   Th. pathologic «»£*«• l* <* 
clinical hepatitis ca... invariably Include d.gaaaraeiv.d^ to the liver, 
usually accompeniad by a great reduction in »ix. and waight <8K, 1982). 

Si«. World War II. only occasional death, du. to "~£TjZ 
„ported and vary few problem. r.lat.d to Vft »a. have be« found in 
Euglinh-languag* literature  (Morton et ml.-.  Wo). 

lo an extenaiv. review of th. literature. Zakhari and Villa«.' CIW> »ported 
cm th. various .ign. and aympto«. of TKT toaieity «-gJJJJ £*•£«.. 
description, of the »or« epacific «ff.ct. of 1ST on individual body ayeteme. 
The following is a summary of thia report. 

initial expoaure to TST in th. atmo.pb.r. «ay r.ault In ^ *«?££,« ** 
respiratory^»»!» <«"1 ""of ort. anaealng. epiataxi. and rhinitis 
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possibly associated vich headache) and skin (erythema and papular eruptions 
progressing to descüanacloa aad exfoliation). Gastrointestinal disorders, cc 
incluae pauses, anorexia and constipation, sometimes associated with 
tightening of the chest, are among ehe first signs of possible intoxication. 
Epxgastric pain not associated with food intake is a cardinal symptom: 

Absorption of sufficient amounts of INT through the akin or lungs can produce 
signs of cyanosis (due to methemoglobin formation), toxic jaundice <due to 
severe liver damage), aplastic anemia (due to damage to the erythropoietic 
system), cataract formation (possibly a direct effect of TOT vapor or dust- 
aey be first and only clinical manifestation), menstrual disorders (hypo- or 
hypermenorrhea), neurological manifestations (neurasthenia, nystagmus, 
irregularities of tendon reflexes and adiadochokinesia; only 2.2Z of th« cases 

am.e»V!f a -*lf"ttd dif£tt" br*ln l"io™'>  *<>* of th. person, examined in 
!nd «IdtL    J TrT«::lel" iB tb*lr ************ reaction to heat 
*nd cold (Kaganov «t .1.. 1970 a. cited in Zakhari and Villaume, 1978)) and 

HITITA^« ",rid#ttC*d by ' «1«ei£ic«6 ri" *» glomerular filtration 
rate, sodium r.tantien, urgency, freauent micturition and lumbar pain). 

Upon phy.ical examination, the findings may include a yellov discoloration of 

TJZVa T   Td Ü4lf \ ^ls tt,uaUy du* "°Uly «° ■emltttn*vlth ™* »nd 
st^fi™    C0^«*d "** *• i«»tte. associated with iiv.r toxicity.    More 
significant would be a bluish, discoloration of the mucosa indicative of 

in^S.??""^'    0th*r Phy'1Cal ******** ■*** ltclude d«nDatiti. with or 
an!/!r .IIÜ ("f " '"****** r"h" ** *•«>. •Piftric pain, t.nd.meas 
E^weelS!' !n      8'd/,Ml Palp*bU 11V'r mod fthM*M to sh« «l«ccrocardiogra» (bradycardia. decreaeed amplitude of Q*S complax, flattened T-wava) and 
000^^^^°*'"! <d,fr""d «PHtudt of biopotential«, slowed activity, 
poor reaction to etiauli), functional in natura, and apparently due to 

»rvuiuaui::tti^in tht brmia (Er"tov•< *» m> - «* * "*«*■ 

v«t!0^
0II^dia8^?e^d• " "*" " **> Md ••»■»«•■ of the «riae and 

sev^ !!       1°* «** fc"»»1-*«* para.et.ra and blood chemistries.    i„ 

findings included fatty changes in the liver aad kidneys.    Foulerton (191« .« 

J"r showed a^r^Vr*0™ W "* dü"tlon »0t ■**»■«. *• 
fibrlJrl!*: !lf^   f !*"?*? d*«w>*r"i<>n' "»integration of parenchyma, 
ft^üiV?^""* itttBrlobtt1** round-cell infiltration.    Fat v.. 

signs of fat accumulation along with cloudy degeneration of tha epithelium of 

JlrZ°fa?d ettb?U,>    *" ,X0"trUli **r*' h~™' *™ * *" »lobulS 
thTlT.    V! J !tT* •C"t*rBd ^*~.nout th. imteralveolar tissue, of 
the lungs,    «aeee« of brownish materiel were found in all three organ system, 

While there have been only limited reports in the English literature of 
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cataract formation resulting from industrial exposure to TST, Zakhari and 
Viilaume (1978) described seveVsl studies that reported th« finding or 
cataracts among European and Russian dynamite workers. Th* cataracts have . 
been reported to often occur without other toxic manifestation» (Manoileva, 

1968) while Tyukina (1967) described change» in the crystalline lens as 
occurring in four stages and being characteristic of TKT-induced opacities, 
easily distinguishable from those of different origins. Haasmac and Juran 
(1968) reported the occurrence of cataract« in 26/61 (42.6X) workers, average 
age of 44.5 years, exposed to TKT for «a average of 8.4 ysars. The cataracts 
ware described as V-shaped or lunar, white-grey in color and located in the 
area of the lens equator. In seme cms«*, the opacities had merged to form an 
irregular ring. While atmospheric levele were not reported, the authors 
indicated that cataract formation was not associated with other toxic effects, 
and that repeated examinations indicated no other health effects in 26.9Z of 
the workers with TNT-relatsd cataracts. In 1978, Hassmaa at al. confirmed the 
occurrence of cacaracta characteristic of TUT exposure in 87Z of a group of 54 
TNT workers with previously diagnosed or suspected TKT cataract«. Control 
subjects were not included in this study. Average exposure duration was 
approximately 14 yeara. Other TKT-related effect» «ere minimal, confirmed In 
only 9X of the expoaed group and reported as chronic TUT intoxication. 

More recently, Herkonen at al. (1983) reported on the occurrence of equatorial 
leas opacities in 6 of 12 occupationally exposed workers in Finland. The 
opacities were described aa bilateral and symmetrical. They had no effect on 
visual acuity or visual fields. They were detectable only in the periphery of 
the lens, being either continuous or discontinuous. Exposure duration was 3 
approximately 6.8 years with workroom mir concentrations averaging 0.3 *g/m 
with a range of 0.14 to 0.58 mg/mJ. Physical examination as well as several 
blood chemistry parameters were normal. The average ege for the 12 workers 
was 39.5 years with the subgroup having poaitive eataraet findings averaging 
43.8 years vs 35.2 years in those without cstaraeca. In 1984, Hakitie at al. 
reported that 16/21 (83X) workers exposed to THT for a mean of 12.3 yeers in 
the processing and packing of explosives had detectable equatorial lens 
opacitiea, most frequently in the anterior, cortex of the lans with decreasing 
density toward central areas. The mean age of the «xposae^worksrs was 41.1 
years while atmoapherlc levels ranged from 0.1 to 0.4 mg/m . Ten workers 
showed varying degrees of central opacity, from minute-«note to small 
rosettes, but these opacities were so alight that no effect waa detectable on 
viauai acuity, la 50X of those with the peripheral leas opacities, the 
density was so slight that no shadow waa seen in fundus reflex photography. 
There have been no reports in the literature nor in occupational health 
surreys on ths occurrence of cataracts in munitioas workers in the United 

States. 

The «echanism of TKT-cataract formation is not clearly defined. While mere 
recant studies (Herkonen et al.. 1983) have investigated radical formation. 

bassd upon the vulnerability of the peripheral len* fibers to effeets of 
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peroxidacion, as a possible cause of TNT-reletsd cataract«, no definitive 
conclusion« could.be drawn from this Investigation.    Several studies implicate 
direct contact and local »bsorption as the probable cause  (Kroll and 
Kolevatykh,  1965; Kanoilova,   1967 AS citad in Zakhari and Villaume,  1978), 
based upon the absence of systamie effects in the majority of the exposed 
individuals with the positive cataract finding«.   The vsak polarity of TNT 
also supports its Ability to directly penetrate the lens. 

It has also been found that individuals deficient in glueoae-6~phosphate 
dehydrogeneae (G6I0) may be particularly susceptible to TNT intoxication.    In 
one report (Dj«r*s«i and Vitany, 1975 as cited in Zakharl and Villaum*.  1978), 
onset of hsmelytie episodes occurred in 3 individuals within 2 to 4 days after 
initial exposure to TNT.    Based on these and similar findings, it was 
recommended that determination of G6PD activity be mads a pre-employment 
requirement for TNT workers. 

Effects on the white blood cells (VBCs), as evidenced by an increase In the 
large mononuclear leukocyte count, may also be an early indicator of TNT 
poisoning.    Hamilton (1946) reported that increases in these cells usually 
proceeded symptoms of illness and levels remained elevated for 2 to 3 months 
following initial occurrence (cited in Zakheri and Villaume,  1978). 

Toxic hepatitis and ap las tic anemis have been reported as the principal cause 
of death following TNT intoxication.    Zakhari and Villaume (1978) reported 
that aeveral fetal cases of eplastlc anemia wsre associated with earlier 
episodes of non-fseal toxic jaundice or hepatitis.    They further indicated 
that aplastic anemia can occur after a latent period of several years 
following an attack of toxic jaundice.    Hyperplasia of the bone marrow is the 
first reaction of the hemapolccie tissues to TNT poisoning. 

In a report prepared by she Department of the Army» as guidance «andards in 
industrial medicine and hygiene (DA1C0K, 1976), gastrointestinal symptoms were 
reported as often the first indication of toxieity.   This report alao 
indicated the lack of a clear relationship between the occurrence of the 
dermatitis often associated with exposure to TNT and the development of 
systemic effects; either may exist in the absence of the other. 

Older reports on the adverae health effects associated with exposure to TNT 
generally did mot include Information en workplace concentrations.    In one 
uncontrolled study, Ermakov et al.  (1969) as cited in NIC (1982), reported 
that3l22 (21Z) of 574 employees exposed to an average TNT concentration of 1 
mg/m   were chronically poisoned; work exposures ranged from 6 to 25 yeara. 
Most of those affected had functional disorders of ths central nervous system, 
vith 222 (27) having chronic anemia and leukonenia, 201 (24) with cataracts, 
and 12Z (15) with symptom« of hepatitis.    No comparisons were made with 
unexpoaed control populations. 
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Several reports of controlled studies have provided some information on ehe 
earlv and subdiaical effects >of TNT exposure  (Stewart ec al.,   1945,. El 
Ghawabi et al.,  1974, and Hathaway,  1974 as cited in SRC,   1SS2; Morton ec al., 
1976).    A significant finding in these epidemielogic studies is the occurrence 
of heaatologic and hepatic abnormalities at TNT concentrations well below the 
Permissible Exposure Limit  (PEL) of 1.5 mg/a    (OSHA,  1981).    Among the most 
persistent findings were mild reductions in hamatoerit (Het), hemoglobin (Hgb) 
concentrations and red blood cell (MC) count» of exposed persons.    These 
findings have been attributed mostly to the destruction of red cells by 
hemolysis due to exposure to TOT or to its metabolite« (Voegtlin et al.,  1922, 
Cone,  1944, as cited in HRC,   1982; Hathaway»   1977). 

In one study cited by Zakhari and Villauma  (1978), a group of 62 undergraduate 
students-were exposed to atmospheric concentrations of TKT ranging from 0.3 to 
1.3 mg/a   for approximately 33 days (Stewart at al.,  1945).    Observed changes 
in 20Z or more of the subjects included a decrease in Hgb and circulating 
blood cells, an increase in the number of reticulocytes, a small but 
significant decrease in plasma proteins and a significant increase in 
bilirubin.    The authors indicated that malas ware more susceptible to the 
hemolytic effects of TKT than were females. 

Goodwin (1972) reported that, in a 1951 study at the Lon« Star Army Ammunition 
Plant (LSAAP) in Texarkana, Texas, mean atmospheric contaminant levels for TNT 
(dust and fumes) were 2.38 ng/n . with no exhaust ventilation syetams in use. 
In e series of testa conducted under a Physical kecbeck Examination Program, 
cat Thymol Turbidity test, indicative of liver cell irritation, was used to 
•valuate liver impairment.    From a total of 1,537 tests run during one 
screening period, 87.52 of the workers wars within the selected normal range 
(to 2.9 MacLagen units) with no signs of liver toxieity.    Of the remaining 
workers with liver function tests above the normal range, from 2.9 to >5 
MacLagen units, 36 (<2.5X) showed classical symptoms of liver damage.    Liver 
function values in the affected workers, initially »5 MaeLagen units, returned 
to normal limits within three vesks of chair removal from the contaminated 
environment. 

In an occupational health study conducted by the U.S. Army Environmental 
Hygiene Agency (USAEHA) at a TUT washout facility at Letterkenoy Army Depot in 
Pennsylvania, Friedlander et al. (1974) reported that employees exposed for 6 
months to TXT at various work locations^ia the facility and at atmospheric 
levels ranging from <0.02 to 3.00* mg/a    displayed clinically and 
statistically significant decreases in Hgb and let levels whan compared to 
pre-cxposure values.    Furthermore, a statistical comparison of these 
poet-exposure values with those of matched controls (non-exposed Individuals) 
at the same facility indicated a higher rate of abnormalities in the exposed 
Individuals and mean value differences between the two groups. 

In eddition to significant differences in the Hgb and Hct values (0.005 < p < 
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0.01),   sigaific.at differences were else found in Mr 
nicrogea  (BUN)   (0.005 <  p <  0 OlM,! ?!      ^ T C°UaC *od blood «■*•» 
gluco«  (0.01 < p < o.os)." NO «i^^ """J10^«. «o.inophils md 

"-«xnas«  (SCOT), l4CE£ E^r" 'S MrU° ^"«^-««loacecic 
(SAP). chole.t.rol lad tetL biSr Li KMrU" *lk*liae PD0^""« 

l«vtl» (fro. 0.3 «g/«3 eo o 8 a./.3?     J!!, inert«. te TKT du« 

Hgb v.Iu.. wer. «wLJ » iSTlSJ *"8!d
r

fro"/Pl"«^t.ly 26X „hen ealy 
SCOT «ad LDH) v.r. m,,        S™!! !*     *lttM f°r *U 3 *■»««.  (Egb. 

could act b. d.n.r^d fr« th. .vSLw. Ü!     V*"« rt,Ui"d £or "c°v^ 
dlff.r«ac«« Ce»ld 6. fouj™   th. ^Ä£/2\i.       •f"i"^^ -IfUflcSt 

;=ar- - - - -<• >"^ - 
^-ÄSK^ - —, P«or co 

•on SCOT um,, <» <0*Jl? louiil^   f"' *""•" to "» *«•«• « «».00« 

laerams. la both th« auabcr of 1.^4.^-1.-1   X"«"B» •* «l.» 1976).    Thi» ..1». .* th. *„I»ss,^.£ JSSäS* *■"■? "M ""^■* «- 
-•/■   ricomtfad M But tin (ACCIB, J97J). 

UclUtÜT»LS»tZj£JZ'ZLTly Ct"" "t«"«*"«-» taut. .„rv„. « «_, 

c/     Ctr.xolin«) ^^ loct«nydro-l,3.3,:-t«tr*aiero-l,3,5,7- 

Jolft,  lo«., MlUa. Volu«t..r .ad Hoi.«« 
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N ,-firBi' ities.    No evidence of liver 
iRgbi get «d r.ttculocyte "/"> '^™«udUd.    Thts re.ult appears to be 
-coxicity was indicated by ^"^f^liv« toJticxty in the KAAP study. 
i„ contrast to the positive f»*4^.-.«*^ •*«* Wr# *en*T'Uy *°:\ 
However, exposure levels ^h      "^rta« exposed »t 1-51« *.5 
nfm\ with only appro.iwt.ly L22 of thW   • g     Q#8 ^,,3. 
BgV while at SAAP, exposure levelrose to appr, c0Mid«.d a 
Accordingly, tha authors indicated that 0.5 «■/» 
reasonable no effect level for hepatotoxicity. 

0, the other hand, a significant ""Ä^^ 
workers exposed in this ««""••eti~JrE , do., reapouee relationship for 
«g/A   This positive effact "Vltt.7e.diL «o£ «al...    ™5" result. 
,1 three p.ra»et.rs and occurred mr«t-^r-«J J, ^ toduct . 
suggested to tha authors that low level ™ "^''.u.    It was not 
low'gr.d. he-olyau «i«h a «-P-»*" ^h^iogical .«•«, fro» the 
possible to dateline * no effect *^«.£l2d.S that the ILV for TNT in 
study.   As a result of this study. «^^ of u5 «K/.5 W . ifcvel of 

tht vorR place b. ^'«""J^T^-itf - *•** *irbetn' •XP°Btt" 0.5 ng/n   and that the U.S. Aney adopt u.a nav» 
standard for TNT. 

B.      n..ieh Effects -  ^«-1 E»?«la«nts 

1.      «.»f.—T«t« Exposure 
j        *m ftavioiis UP to four weeks» 

A. indicated by atudi.s in rats, nice •*£>£ ^.^ d.CT.M.s in body 
dietary intake of TNT ^^^S^^Li in tha urina paralat.d 
weight and food intake while the r.J £j»££ lacoaglit.« while 
throughout.    Sew anemia was evident »*^~ ,Mtl...    Rat. developed 

1KJ ÄK S=Ä g-E rr^Ä.- 
•olutioo of THT in peanut oil.   *««r "•"*• ^ u,     was 
Lily for 14 cay. ft *^~^^.T£Ä «*—5li*iil-- of 
calculate* by a cewutet progtaa based on w» 
Fioney (1971). 

The ecute »„ value, in wie -J-^^^öU^tc^Ä 
respectively?0^ «ale and «^^^'StStoii aaaocUtad with respiratory 
respectively.    Sv—«id ford^ "Htt.Tao.in« «* continued for 1 to 
inhibition occurred within 5 to 15 J^^iTS^»1'«^ ""^i t. 
2 hours.   Death, vhea it occurred, wee «"fur *.cevery was cowlet. 
^e survivor, appeared^^^ÄÄ treatment - noted. 
tn 24 to 4S hours. 
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COMPANY NAME: IT Coiporation FROJBCTNOJ 322243 

PROJECT NAME: USAEC SPEC. NO.: 

LOCATION: Aberdeen Proving Ground, Maryland WP:  WP1585.16 

16.0 Operations Manual 

16.1 Process Description 
Red water is fed to the CBC where it is thermally treated. Combustion by-products (ash) and 

bed material are indirectly cooled with water in the ash cooler conveyor. The combustion gas 

is cooled in the partial quench and cleaned in the baghouse. 

The feed system conveys red water to the CBC. The red water enters the CBC at the loop- 

seal. Mixing and blending occur inside the CBC because of the turbulence of the combustion 

air and the circulating media. 

The auxiliary fuel is natural gas, which can be fired in the start-up burner or fed directly to 

the CBC. The start-up burner is mounted in the CBC wind box and has a maximum capacity 
of 5 MMBtu/hour. 

At temperatures greater than 1300°F, auxiliary fuel is fed directly to the CBC, where 4 

MMBtu/hour of auxiliary fuel can be fed directly to the CBC. 

Primary air is provided to the start-up burner by the combustion air blower. Fluidizing air 

(secondary air) is fed directly to the CBC wind box by the combustion air blower. The 

quantities of fuel and air fed to the CBC are carefully monitored and controlled to maintain 

the CBC combustion chamber flow rate and temperature. 

Ash and bed material are discharged from the CBC by the ash cooler conveyor. The CBC 

off-gases are ducted to the partial quench where they are cooled to about 400°F. The cooled 

combustion gases pass through the baghouse where more than 99 percent of the particulate is 

removed. The cleaned combustion gases then pass through the I.D. fan and exit at the stack. 

The components of the CBC system are illustrated on the PFD D-00-10-001. This drawing 

includes a typical M&EB for the CBC system and the design flows and conditions. The 
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piping, instrumentation, and controls associated with the CBC are shown in the following 
P&IDs: 

• D-20-11-001 
• D-20-11-002 
• D-50-11-001. 

16.2 Process Control Description 

16.2.1 Process Control Overview 
The CBC thermally treats red water and produces ash. The CBC operates with a constant 
flow rate of combustion gases in the CBC combustion chamber. Ash and bed material is 
discharged into the ash cooler conveyor for cooling and storing. Ash from the baghouse is 
discharged through four rotary valves into a storage bin. 

Combustion gases from the combustion chamber pass through a cyclone that separates the 

entrained bed material from the combustion gases. The bed material is returned to the 

combustion chamber through the loop-seal. The CBC off-gases exit the CBC by a refractory- 
lined duct that connects the CBC to the partial quench. The partial quench cools the 

combustion gases to approximately 400°F. The cooled combustion gases go to the baghouse 
where more than 99 percent of the paniculate is removed. The cleaned combustion gases 
then pass through the I.D. fan and exit from the stack. 

A negative pressure is maintained in the CBC by adjusting the inlet vane damper to the I.D. 

fan. The combustion gas flow rate in the combustion chamber is maintained by adjusting the 
damper on the combustion air blower. The dP across the bed is maintained by adding or 
removing bed material from the CBC. 

The CBC uses natural gas as the auxiliary fuel. Combustion chamber temperature is 
controlled by adjusting the auxiliary fuel firing rate. The partial quench exit gas temperature 
is controlled by varying the quench water flow rate. 
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The red water feed rate to the CBC is controlled by a control valve in the feed line. The red 
water feed rate is limited by the concentration of oxygen in the stack. 

16.2J2 CBC Start-Up Burner System Controls 
The air-to-fuel ratio in a burner is critical to the safe operation of a combustor. The 
air-to-fuel ratio for the CBC start-up burner is strictly based on the flow rate of natural gas to 
the main burner. The combustion air is provided by the combustion air blower. The fuel 

flow signal is transmitted to the air-to-fuel ratio controller (FFIC-204) in the central control 

system (CCS). Based on the ratio set by the operator, the FFIC-204 (ratio controller) 
modulates the damper (FV-204) on the combustion air blower discharge, modulating the 
primary air flow. 

Start-Up Burner Flameout. A flame scanner (BE-209) scans the start-up burner. When 

flame scanner BE-209 detects that the CBC start-up burner flame is extinguished, the 
following results occur 

• Fuel gas (natural gas) is isolated from the CBC via double block and bleed 
Maxon valves YV-209A, B, and C. 

• Primary combustion air control valve (FV-204) goes to its low fire position. 

16.2.3 CBC Primary Fuel System Controls 
At temperatures greater than 1300°F, the auxiliary fuel will be fed directly to the CBC. At 

these temperatures, the auxiliary fuel, natural gas, will autoignite; therefore, standard burner 
management practices are not practical or required. 

Primary Fuel Air-tO-Fuel Ratio Control. The air flow rate to the CBC is adjusted to 

control the combustion gas velocity in the combustion chamber.  The only adjustment of the 
primary fuel air-to-fuel ratio is the minimum oxygen limit at the stack. 

Primary Fuel Flameout. The primary fuel will be fed directly to the CBC at temperatures 
greater than 1300°F, which is more than the autoignition temperature of natural gas. 
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Therefore, a primary fuel flameout is impossible and there are no flame detection devices 

used or required. 

16.2.4 CBC Combustion Chamber Temperature 
The CBC combustion chamber temperature is controlled by modulating the amount of 

auxiliary fuel added to the combustion chamber. Because of the long solids retention time 

(typically more than 20 minutes), the ash temperature is equal to the combustion chamber 

temperature. 

The CBC combustion chamber temperature is sensed by two redundant thermocouples 

(TE-203A and B) located in the CBC combustion chamber. During routine operation, the 

circulation of the bed media tend to equalize the temperature throughout the CBC. The 

temperature will be relatively constant in the combustion chamber, the cyclone, and the loop- 

seal. 

During routine operation, the CBC combustion chamber temperature is controlled by 

modulating the flow of auxiliary fuel to the CBC. If the gas temperature falls, temperature 

controller TIC-203 will increase the flow of auxiliary fuel to the CBC by flow controller 

FIC-219, which controls the auxiliary fuel valve (FV-219). 

75.2.5 CBC Combustion Chamber Pressure Control 
The pressure inside the CBC is maintained slightly below atmospheric pressure.  CBC 

pressure is sensed by PIT-210 located in the loop-seal. The pressure is controlled by PIC- 

210, which adjusts the pressure control valve (PY-501). 

16.2.6 Differential Pressure Across the Bed 
For proper operation of the CBC, it is necessary to maintain the appropriate dP across the bed 

and to routinely provide fresh material to the bed. The dP across the bed is measured by 

PDIT-206. The dP across the bed is increased by adding bed material and is decreased by 

operating the ash cooler conveyor (H-2001). 
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16.2.7 Combustion Gas Velocity 
The combustion gas velocity is maintained at a constant 5,030 aefm.  This velocity is 

measured by a portable pilot-tube at the exit of the cyclone.  Flow controller (FFIC-204) 

adjusts the flow valve (FV-204) to control the combustion gas velocity. 

16.3 CBC System Start-Up 

16.3.1 Introduction 
The procedures provided in this section are supplements to the procedures that will be 

described in the equipment vendors' manual.  The procedures in the vendors' manual should 

be consulted and followed as appropriate. 

The following utilities must be available before attempting to start this area of the plant: 

• Electrical power - normal and uninterrupted power supply (UPS) 
• Instrument air 
• Plant air 
• Auxiliary fuel - natural gas. 

16.3J2 Start-Up Procedure Summary 

16.32.1 Cold Start Procedure Summary 
The following summary procedure assumes that the CBC refractory does not require curing: 

1. Check that the ash system is operational. 

2. Start the combustion air blower (B-2001) by pushing the start button 
(HS-204). 

3. Start the I.D. fan (B-5001) by pushing the start button (HS-501). 

4. Start the loop-seal blower (B-2002) by pushing the start button (HS-207). 

5. Add the bed material to the CBC until the dP across the bed is more than 20 
in. w.c. on PDIT-206. 
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6. Check that water is available to the quench. 

7. Check that process air is available to the baghouse. 

8. Light the start-up burner by pressing the start button. 

9. Gradually increase natural gas flow manually to the start-up burner according 
to the recommended refractory heat up schedule. 

10. When the CBC reaches 1300°F, put the start-up burner in manual (FIC-209). 

11. Initiate the flow of primary fuel to the CBC by pressing HS-219. 

12. Gradually increase the flow of primary fuel (FIC-219) to the CBC until the 
start-up burner is at low-fire. 

13. Shut off the start-up burner. 

14. Increase primary fuel firing rate manually until all normal operating set points 
are met (e.g., 1600°F in the CBC combustion chamber temperature). 

15. After all set points are met, start the red water feed at a reduced rate. 
Monitor CBC combustion chamber temperature manually by adjusting the 
primary auxiliary fuel firing rate using FIC-219. Watch for slagging and 
overheating of the CBC. 

16. Gradually increase the red water feed rate while monitoring the stack gas 
oxygen concentration. The maximum red water feed rate will be obtained 
when the feed rate is equal to the permit feed limit or the stack oxygen/ 
concentration is equal to 3 percent oxygen. 

17. Adjust TIC-203 output to agree with FIC-219 set point, and switch FIC-219 
to automatic/cascade control.  Switch TIC-203 to automatic/local with its set 
point agreeing with the exit gas temperature. TIC-203 will then modulate the 
set point to FIC-219 to increase or decrease the firing rate to the start-up 
burner to maintain CBC off-gas temperature at the set point. 
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16.32.2 Hot Start Procedure Summary 
After an emergency shutdown, the CBC can be restarted as follows: 

1. Check that all combustion air blowers are operating. 

2. Check that the CBC ancillary equipment is operating. 

3. Re-light the start-up burner. 

4. Re-establish CBC temperature and waste feed rate by following the last eight 
steps in Section 16.3.2.1, Cold Start Procedure Summary. 

16.3.2.3 Start-Up During Hot Idle 
To start-up from hot idle, follow Steps 10 through 17 of Section 16.3.2.1, Cold Start Proce- 

dure Summary. 

16.32.4 Refractory Curing 

General Information. The main purpose for drying out a CBC or any other piece of 

refractory-lined process equipment before making it operational is to remove the residual 

moisture in the brick, mortar, and castable. This moisture must be removed slowly enough to 

ensure that steam is not generated within the lining.  Such steam generation can rupture the 

lining and cause the refractory to fracture. 

The general and recommended practice is to heat the refractory-lined equipment slowly, 

bringing the temperature up gradually and in specific increments. As the temperature is 

raised, it is also kept at certain levels for specified lengths of time. 

When the drying out process is completed, it is desirable for the plant to be in a position to 

raise temperature to process levels and to go into production. 

The entire drying out process has to be coordinated and a close check kept on all of the 

temperature-indicating devices in the system to ensure that temperatures at any point do not 

exceed equipment capabilities. 
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Equipment to be Dried Out. The following pieces of equipment are refractory-lined and 

will require various degrees of drying out: 

• CBC - including combustion chamber, cyclone, and loop-seal 
• Discharge duct 
• Quench. 

Drying Out All of the equipment can be dried out by introducing heat through the start-up 

burner. Follow system start-up procedure provided in Section 16.3.2.1, Cold Start Procedure 

Summary, to light the burner. The CBC, the discharge duct, and the quench can be cured 

simultaneously. 

The following drying schedule is to be followed unless the supplier's recommendations are 

more stringent: 

1. After all refractory work has been completed, let it air dry for at least 24 
hours. If there is any visible moisture on the refractory surface, such as wet 
grout, continue air drying. 

2. Using the start-up burner at a very low setting, hold the CBC combustion 
chamber temperature at 150°F as shown on the CBC exit thermocouple for 12 
hours. Combustion air flow rate can be used to help keep the temperature 
down. 

3. With the start-up burner, raise the temperature approximately 50°F per hour 
to 300°F (3 hours). 

4. Hold the temperature at 300°F for 12 hours. 

5. Increase the temperature 50°F per hour to 600°F (6 hours). 

6. Hold the temperature at 600°F for 12 hours. 

7. Increase the temperature 50°F per hour to 1000°F (8 hours). 

8. Raise the CBC combustion chamber temperature (now at 1000°F) approxi- 
mately 50°F per hour to 1250°F (5 hours) and hold at 1250°F for 6 hours. 
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9.     Raise the GBC combustion chamber temperature approximately 50°F per hour 
to 1500°F (5 hours). The refractory should now be dry and the equipment 
should be ready to be put into operation. It is recommended that the equip- 
ment be put into operation without cooling the refractory. If the equipment is 
not going to be put into operation, begin cool down at a rate of 50°F per 
hour. 

Cautions: 

- During dryout, be especially careful not to exceed temperature limitations 
of other equipment in the system (fan, scrubber, etc.). 

- If steam is noticed during the dryout, hold at that temperature until the 
steaming stops. 

- If the dryout is interrupted, restart the dryout at the last fully completed 
portion of the dryout schedule. 

- Do not shock refractory with either heat or cold; gradually heat up or cool 
down refractory at approximately 50°F per hour. 

- If installed refractory material gets wet, gradually heat it up and dry it out 
at approximately 50°F per hour. If steam is noticed during heat- 
up/dryout, hold at that temperature until the steaming stops. 
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17.0 Performance Test Plan 

17.1 Introduction 
Red water is the aqueous effluent generated during sellite purification of crude TNT. Red 

water is a reactive hazardous waste, EPA Hazardous Waste number K047. To destroy red 
water, a CBC is being designed. 

After construction of the CBC is completed, the unit will be started and operational defects 
identified and corrected. When the CBC is operationally ready, the test program will 

commence. The test program is designed to optimize the performance of the CBC and to 

demonstrate the ability of the CBC to meet regulatory and warranty performance limits. 

The test program will consist of three distinct test phases: 

• Start-up test 
• Shakedown test 
• Performance test. 

17.1.1 Start-Up Test 
After construction of the CBC is completed, the unit will be started on auxiliary fuel and the 
mechanical, electrical, instrumentation, and control system will be checked out. 

17.12 Shakedown Test 
After the completion of the start-up test, the shakedown test will begin. During the shake- 

down test, the optimum CBC operational parameters and the performance limits will be 
determined. The shakedown test will have two separate segments: 

• Tests that can be conducted when operating on only auxiliary fuel 
• Tests that require the CBC to be combusting auxiliary fuel and red water. 
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17.1.3 Performance Test 
The performance test will be conducted on the CBC after the completion of the shakedown 

test. During the performance test, the CBC will be tested for its ability to meet regulatory 
and warranty performance requirements. 

This document presents the basic outline for the start-up, shakedown, and performance tests, 
and is not intended to serve as the Trial Bum Plan. A separate Trial Bum Plan must be 
prepared during the RCRA permitting process. 

17.2 CBC Process Description 

17J2.1  Type of Incinerator 
The CBC incinerator consists of a combustion chamber, a hot cyclone, and a loop-seal. Bed 
material is fluidized with air in the combustion chamber. The bed material is blown out of 

the combustion chamber to the hot cyclone. The hot cyclone separates the combustion gases 

and the bed material. The bed material is sent to the loop-seal and returned to the combus- 
tion chamber. The combustion gases exit the cyclone to the APCS. 

17.22 Description of the Auxiliary Fuel System 
The start-up burner is a 5 MBtu/hr burner mounted in a duct attached to the wind box. This 
burner uses natural gas as the auxiliary fuel to heat the combustion air. At temperatures 
above 1300°F, the auxiliary fuel (natural gas) is fed directly to the tuyeres. 

17.2.3 Capacity of the Prime Mover 
The CBC prime mover is an induced draft fan rated at 5,000 acfm at 50 inches water column. 

17.2.4 Description of the Waste Feed System 
The CBC is designed to thermally treat red water. The red water is fed by a pump to the 
feed port located on the loop-seal. 
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17.2.5 Treated Material Handling System 
Treated material (ash and spent bed material) from the CBC drops into the ash cooler 

conveyor. The ash cooler conveyor is a screw conveyor that cools the ash and places the ash 

in the ash bin. 

17.2.6 Description of the Automatic Waste Feed Cutoff System 
The primary function of the automatic waste feed cutoff (AWFCO) system is to prevent the 

feeding of red water if the CBC process conditions are outside of the permitted operating 

limits. During the start-up and shutdown of the incinerator or during process upsets, the 

interlocks automatically stop all waste feed systems and prevent their restart until the CBC is 

within the required operating limits. 

When waste feeds are stopped due to an AWFCO interlock, auxiliary fuel (natural gas) will 

continue to be fired to maintain operating temperatures. With the exception of the waste feed 

components, the system will remain entirely operational. Waste feeds will not be restarted 

until the problem that caused the AWFCO condition has been resolved and all operating 

permissives are achieved (as with a normal start-up). 

A discussion of the proposed AWFCO parameters follows.  The actual values for each of 

these parameters may vary during the detailed design of the CBC. 

• Combustion Chamber Temperature - The combustion chamber temperature is 
measured by a shielded thermocouple located in the CBC bed material. When 
the combustion chamber temperature falls below 1500 °F or rises above 1700°F, 
the red water feed to the CBC will be automatically stopped. 

• Maximum Combustion Chamber Pressure - To prevent fugitive emissions, if the 
pressure in the CBC exceeds minus 0.08 in. w.c, as measured at the feed port in 
the loop-seal, all waste feeds will be automatically stopped. 

• Combustion Gas Temperature After the Quench - The quench cools and saturates 
the hot gases exiting the CBC. This prevents damaging the bags in the baghouse 
with hot combustion gases.  If the gases leaving the quench chamber exceed 
450 °F or the filter bag manufacturer's recommended temperature limit, the 
waste feeds will be automatically stopped. 
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• Combustion Gas Velocity (CGV) - A flow sensor located in the stack after the 
ID. fan will measure the CGV. All waste feeds will be automatically stopped if 
the CGV exceeds 3,500 acfm on a 10-minute rolling average basis. 

• Carbon Monoxide - CO concentrations are measured in the stack. All waste 
feeds will be automatically stopped if the CO concentration exceeds 100 ppm on 
a 1-hour rolling average, corrected to 7 percent 02, dry basis. 

• Additional parameters determined during detailed design and/or preparation of 
the trial bum plan. 

17.2.7 Combustion Gas Monitoring and Air Pollution Control System 

Combustion Gas Monitoring. The combustion gas is continuously monitored for CO and 
02 in the stack. 

Air Pollution Control System. In the APCS, the combustion gases are partially quenched 

and filtered to remove particulates. An I.D. fan maintains sub-atmospheric pressures through- 
out the incineration system and provides the motive force for the scrubber system. 

The major equipment components that comprise the air pollution control system include the: 

• Partial quench 
• Baghouse 
• I.D. fan 
• Stack 

The quench column uses water to cool the combustion gas from the combustion chamber 

temperature to approximately 400°F. The paniculate in the cooled combustion gases are then 
removed in the baghouse. The I.D. fan provides a negative draft on the CBC system and 
pulls the combustion gas through the APCS. 

17.3 Start-Up Test 
After completion of the construction of the CBC, the incinerator will be started on auxiliary 

fuel. The CBC start-up operating conditions are presented in Table 17-1. These values may 
be modified during the detailed design of the CBC. 
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Table 17-1 

Start-Up and Interim Operating Conditions 

Parameter Operating Condition3 

Group A Parameters 

Minimum CBC temperature 1500°F 

Maximum CBC temperature 1800°F 

Maximum CBC pressure -0.08 in. w.c. 

Maximum red water feed rate 1.5 gpm 

Maximum combustion gas velocity (10-minute rolling average) 3,450 acfm 

Maximum stack gas CO concentration (1-hour rolling average, dry basis, 
corrected to 7% oxygen) 

100 ppm 

Group B Parameters 

POHC incinerabiiity limits To Be Determinedb 

Maximum chlorine feed rate To Be Determinedb 

Maximum antimony feed rate To Be Determined0 

Maximum arsenic feed rate To Be Determinedb 

Maximum barium feed rate To Be Determined13 

Maximum beryllium feed rate To Be Determinedb 

Maximum cadmium feed rate To Be Determined6 

Maximum chromium feed rate To Be Determined1' 

Maximum lead feed rate To Be Determined0 

Maximum mercury feed rate To Be Determined6 

Maximum silver feed rate To Be Determined6 

Maximum thallium feed rate To Be Determined6 

Group C Parameters 

Maximum combustion gas temperature after the quench 450°F 

j^The values given in this table are estimates that may vary during the actual trial 
no be determined during the preparation of the Trial Bum Plan. 

bum. 
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During the start-up of the CBC, all of the mechanical, electrical, instrumentation, and control 
systems will be checked for conformance with the design and warranty specifications. The 

specific requirements of the start-up test program will be determined during the CBC detailed 
design. 

17.4 Shakedown Testing 
After the completion of the start-up testing, the shakedown testing will occur. RCRA 

regulations stipulate that the CBC may be operated on red water for up to 720 hours before 

the trial burn. Therefore, the shakedown testing will be divided into two types of tests:  tests , 
that can be conducted on auxiliary fuel only and tests that require the combustion of the 
waste stream (red water) in addition to the auxiliary fuel. 

17.4.1  Tests to be Conducted When Operating on Auxiliary Fuel Only 
All of the shakedown testing to be conducted while operating on only auxiliary fuel should be 
completed before red water is fed to the CBC. The following operational parameters will be 
studied while only operating on auxiliary fuel: 

• Optimal Bed Depth - The bed depth is measured as the pressure drop across the 
combustion chamber. The greater the pressure drop, typically measured in in. 
w.c., the greater the bed depth. If the bed depth is too low, the CBC bed 
material will not circulate properly. If the bed depth is too high, greater quan- 
tities of bed materials will be carried over to the APCS, increasing the pani- 
culate burden to the APCS and requiring frequent addition of fresh bed material 
to the combustion chamber. During the shakedown testing, the impact of 
variations in the bed depth to the performance of the CBC and the APCS will be 
studied and the optimum operational ranges determined. 

• Optimum Gas Velocity in the CBC - The gas velocity in the combustion 
chamber of the CBC will be studied. If the gas velocity is too low, the CBC 
bed material will not circulate properly. If the gas velocity is too high, greater 
quantities of bed materials will be carried over to the APCS, increasing the 
paniculate burden to the APCS and requiring frequent addition of fresh bed 
material to the combustion chamber. During the shakedown testing, the impact 
of variations in the gas velocity to the performance of the CBC and the APCS 
will be studied and the optimum operational ranges determined. 
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Loop-Seal Performance - The performance of the loop-seal at varying loop-seal 
fluidizing are flow rates will be assessed. 

Optimum Air to Cloth Ratio in the Baghouse - By closing off baghouse bags or 
a baghouse module, the air to cloth ratio in the baghouse will be varied. The 
impact of the variations in the air to cloth ratio on baghouse performance will be 
determined. 

17AJ2. Tests to be Conducted When Operating on Auxiliary Fuel and Red Water 
The following parameters will be studied during the shakedown testing while combusting red 
water and auxiliary fuel: 

•   CEM Performance - A relative accuracy test audit (RATA) will be conducted on 
the CEMs. The RATA will follow the procedures presented in 40 CFE 60 
Appendix B and Methods Manual for Compliance with the BIF Regulations, 
EPA/530-SW-91-010. 

Appropriate Bed Material Selection - The optimum bed material is resistant to 
abrasion and chemically neutral. Bed materials that are not resistant to abrasion 
will increase the paniculate burden to the APCS and require frequent additions 
of bed material to the CBC. Bed materials that are not chemically inert will 
chemically combine with components in the waste feed to form low melting 
point materials. These low melting point materials will lead to the solidification 
of the bed material, and the resulting shutdown of the CBC for removal of the 
aggregate solid bed material. During the shakedown testing, the selected bed 
material will be tested for resistance to abrasion and the formation of eutectic 
mixtures. 

Use of Limestone to Reduce sulfur dioxide (S02) Emissions - During the start-up 
testing, the S02 emissions will be measured and compared to regulatory criteria. 
If the S02 emissions are greater than the regulatory criteria, then the impact of 
limestone addition to the S02 emissions will be studied and a decision made on 
whether to add limestone to the bed material or to inject lime slurry into the 
quench. The quantity of limestone or lime slurry to use will also be determined. 

System Turndown Capability - During the shakedown testing, the ability of the 
CBC to operate in a stable manner at varying waste feed rates will be studied. 
From this study, the minimum waste feed rate will be determined. 

Evaluate System Performance - The ability of the CBC to operate and the trial 
burn operational limits will be studied before the start of the formal trial bum 
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• Evaluate System Performance - The ability of the CBC to operate and the trial 
bum operational limits will be studied before the start of the fonnal trial bum 
program. During the trial bum, the operational performance of the CBC will be 
compared to regulatory and warranted performance criteria. From this test, the 
maximum waste feed rate will be determined. 

• Precoating the Baghouse Bags With Lime - The high moisture of the combustion 
gases may cause poor baghouse operational reliability. A test will be conducted 
to determine if precoating the baghouse bags with lime will increase the 
operational reliability of the baghouse. 

After completion of the shakedown testing, the optimum operating conditions and the 

performance limits will be known. 

17.5 Performance Testing 
The performance test will be conducted on the CBC after start-up and shakedown testing are 

completed.  During the performance test, the CBC will be tested for its ability to meet 

regulatory and warranty performance requirements. The objective of the performance test is 
to obtain data that will: 

• Demonstrate greater than 99.99 percent of POHCs. 

• Confirm the fate of POHCs fed to the CBC; they are either destroyed by thermal 
oxidation or emitted in the stack gases, ash residues, or scrubber water purge 
stream. 

• Demonstrate that the emissions of carbon monoxide (CO) are less than 100 parts 
per million, volume, (ppmv) corrected to 7 percent oxygen (02) or, if the stack 
gas CO is greater than 100 ppmv corrected to 7 percent 02, the stack gas 
concentrations of THC do not exceed 20 ppmv. 

• Demonstrate control of paniculate emissions to less than 0.015 grains per dry 
standard cubic foot (gr/dscf) corrected to 7 percent 02. 

• Demonstrate compliance with the hydrochloric acid gas (HC1), chlorine (Cl2), 
and S02 emission standards. 

• Determine the emission rates of speciated volatile and semivolatile organics. 

By: PO Performance Test Plan Area No.: 
Checked: PA JT PCE Area Name: All Areas 
Approved:  PA Knoxville, Tennessee 
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COMPANY NAME: IT Corporation PROJECT NO.: 322243 
PROJECT NAME: USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.17 

• Demonstrate compliance with the metals emissions criteria. 

• Determine the emission rate of NOx. 

• Determine the stack concentrations of 02, CO, and THC. 

• Provide process information necessary to determine the suitability of the CBC in 
the destruction of red water. 

• Demonstrate compliance with RCRA and other regulatory performance require- 
ments. 

17.5.1 Sampling Locations and Procedures 
The locations where liquid and gaseous samples are collected are described in Table 17-2. 

The sampling equipment, procedures, frequency, and methods for collecting samples at each 

point are summarized in Table 17-2. Process and stack gas sampling procedures are further 
described in the following section. 

During the performance test, the stack gases will be sampled for the constituents listed below 
with the indicated sampling trains: 

• Metals emissions using a multi-metals train (MMT) 

• POHCs and PICs using a Modified Method 5 (MM5) sampling train and a 
volatile organic sampling train (VOST) 

• HCl/CLj/particulate using an EPA Method 0050 (M0050) sampling train. 

The CO, 02, NOx, and S02 concentrations in the combustion gas will be continuously 
monitored using process CEMs. The stack gas will also be analyzed for C02 and 02 by 
Orsat analysis during each run. 

Bv: P° Performance Test Plan Area No.: 
Checked: PA ITPCE Area Name: AH Areas 
Approved: PA Knoxville, Tennessee 
Date:  02/06/95 Rev. No. (0) (1) Page:  g of 16 
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PROJECT NAME: USAEC SPEC. NO.: 
LOCATION: Aberdeen Proving Ground, Maryland WP. WP1585.17 

17.5J2 Analytical Procedures 
The analyses planned for each performance test sample are listed in Table 17-3. The samples 

from the MMT will be analyzed for antimony, arsenic, barium, beryllium, cadmium, 
chromium, lead, mercury, silver, and thallium. 

The samples from the MM5 train will be analyzed for the compounds listed in Table 17-4 

and the samples from the VOST will be analyzed for the compounds listed in Table 17-5. 

17.5.3 Performance Test Protocol 

17.5.3.1 Waste Characterization 
Red water is the aqueous effluent generated during sellite purification of crude TNT. Red 
water has a deep red, or sometimes black, color and is a complex and somewhat variable 
mixture of solid inorganic salts and nitrobodies in water. Depending on the TNT production 
process and the degree of water recycle use, red water generally contains 15 to 30 percent 

solids, has a pH of 7 to 9.7, a heat content of 487 Btu/lb, and a specific gravity of 1.1. 

Approximately one-half of the solids are inorganic salts and the rest are nitrobodies. The 
typical chemical composition of the red water solids is presented in Table 17-6. The 
elemental composition of the red water is presented in Table 17-7. 

17.5.3.2 Target Operating Conditions 
The target operating conditions during the performance test are presented in Table 17-8 and 
described below. 

CBC Temperature. The target CBC temperature is presented in Table 17-8. 

Combustion Chamber Pressure. The maximum combustion chamber pressure is 
presented in Table 17-8. 

Red Water Waste Feed Rate. The target liquid waste feed rates for the performance test 

are presented in Table 17-8. If red water is not available during the performance test, a 

By: PO Performance Test Plan Area No.: 
Checked: PA ITPCE Area Name: All Areas 
Approved:  PA Knoxvffle, Tennessee 
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Table 17-4 

1                                     Summary of Semivolatile Compounds for Analysis8 

jm                    Phenol bis(2-Chloroethyl)ether 2-Chlorophenol 
■                    1,3-Dichlorobenzene 1,4-Dichlorobenzene Benzyl alcohol 

1,2-0ichlorobenzene 2-Methylphenol 4-Methylphenol 
Hexachloroethane bis(2-Chloroisopropyl)ether N-Nitroso-di-n-propylamine 

■                    Nitrobenzene Isophorone 2-Nitrophenol 
■                    2,4-Dimethylphenol Benzoic acid bis(2-Chloroethoxy)methane 

2.4-Dichlorophenol 1,2,4-Trichlorobenzene Naphthalene 
■                   4-Chloroaniline Hexachlorobutadiene 4-Chloro-3-methylphenol 
P                   2-Methylnaphthalene Hexachlorocydoperrtadiene 2,4,6-Trichlorophenol 

2,4,5-Trichlorophenol 2-Chioronaphthalene 2-Nitroaniiine 
_                   Dimethyl phthalate Acenaphthylene 2,6-Dinitrotoluene 
■                    3-Nitroaniline Acenaphthene 2,4-Dinitrophenol 
•                     4-Nitrophenol Dibenzofuran 2,4-Dinitrotoluene 

Diethyl phthalate 4-Chlorophenyl-phenylether Fiuorene 
B                    4-Nitroaniline 4,6-Dinitro-2-methylphenol N-Nitrosodiphenylamine (1) 
M                    Benzo(g,h,i)perylene Hexachlorobenzene Pentachlorophenol 

Phenanthrene Anthracene Di-n-butylphthalate 
m                    Fluoranthene Pyrene Butyl benzyl phthalate 
I                    3,3'-Dichlorobenzidine Benzo(a)anthracene Chrysene 

bis(2-Ethylhexyl)pnthalate Di-n-octylphthalate Benzo(b)fluoranthene 
Benzo(k)fluoranthene Benzo(a)pyrene lndeno(1,2,3-cd)pyrene 

■                   Dibenzo(a,h)anthracene 4-Bromophenyl-phenylether 

''This list is the Semivolatile Target Compound List (TCL) for EPA's Contracts Laboratory Program. 

M                           KN/1585/WP1585.174/02-06-9SD1/E1 



Table 17-5 

Summary of Volatile Compounds for Analysis8 

Chioromethane 
Chloroethane 
Carbon disulfide 
1,1-Dichtoroethane 
2-Butanone 
Vinyl acetate 
cis-1,3-Dichloropropene 
1,1,2-Trichk>roethane 
Bromoform 
Tetrachtoroethane 
Chlorobenzene 
Xylene (total) 

Bromomethane 
Methylene chloride 
1,1-Dichloroethene 
Chloroform 
1,1,1-Tnchloroetnane 
Bromodichloromethane 
Trichloroetnene 
Benzene 
4-Methyl-2-Pentanone 
1,1,2,2-Tetrachloroethane 
Ethyl benzene 

Vinyl chloride 
Acetone 
1,2-Dichloroethene (total) 
1,2-Dichloroethane 
Cartx>n tetrachloride 
1,2-Dichloropropane 
Dibromochloromethane 
trans-1,3-Dichloropropene 
2-Hexanone 
Toluene 
Styrene 

''This list is the Volatile Target Compound List (TCL) for EPA's Contracts Laboratory Program. 

KW1585/WP1585.175/02-06-8S/D2/E1 



Table 17-6 

Composition of Red Water Solids 

Parameter Weight Percent 

Inorganic Salts 

NagSOg - Na2S04 32.3 

NaN02 11-2 

NaN03 1.5 

SUBTOTAL 55 

Nitrobodies 

Sodium sulfate of 2,4,5-TNT 22.7 

TNT-sellite complex 16.2 

Sodium sulfonate of 2,4,3-TNT 7.6 

Sodium sulfonate of 2,3,4-TNT 2.0 

2,4,6-TNBA 1.0 

White compound sodium salt 1.0 

TNBAL 1.0 

TNBOH 1.0 

Sodium nitroformats 2.5 

SUBTOTAL 55.0 

KN/158&WP1585.176/02-06-9&D1/E1 



Table 17-7 

Red Water Elemental Composition 

Parameter Value 

Carbon 

Hydrogen 

Oxygen 

Nitrogen 

Water 

Chlorine 

Sulfur 

Ash 

3 Percent 

0.1 Percent 

3.15 Percent 

0.95 Percent 

85 Percent 

0.00 Percent 

0.65 Percent 

7.15 Percent 

KN/1 585/WP1585.177/02-06-95O1 /E1 



Table 17-8 

Performance Test Operating Conditions 

Operating Condition3 

 Parameter Test 1 Test 2 

CBC temperature 1,500°F 1,700°F 

Combustion chamber pressure < -0.08 in. w.c. < -0.08 in. w.c. 

Red water feed rate 1.5 gpm 1.5 gpm 

CBC auxiliary fuel flow 180 Ib/hr 180 Ib/hr 

Combustion gas velocity (10 minute rolling average) 3,500 acfm 3,500 acfm 

a The values given in this table are estimates that may vary during the actual performance test. Test 1 is 
the low temperature DRE and organic PIC emissions tests. Test 2 is the high temperature metals test. 

KN/1585/WP1585.178/02-06-95/D1/E1 
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surrogate waste will be used. The composition of the proposed surrogate waste stream is 
presented in Table 17-9. 

CBC Auxiliary Fuel Flow. Auxiliary fuel will be used as required to maintain the CBC 
temperature.  No permit limits for auxiliary fuel are anticipated. 

Combustion Gas Velocity. The target combustion gas velocity is presented in Table 17-8. 

POHC, Metals, and Chlorine Feed Rate. The target organic chlorine, POHC, and EPA 

regulated metals feed rates will be determined during the preparation of the trial burn plan. 

Perfonuance Test Results. A performance test report will be prepared and submitted 

within 90 days of completion of the performance test. The performance test report will 
address each of the following topics: 

• Quantitative analysis of POHCs in the waste feed - The total POHCs in the 
waste feeds will be calculated and reported for each performance test run. 

• Quantitative analysis of POHCs, HC1/C12, metals, and PICs in the exhaust gas - 
The concentrations and mass emission rates of POHCs, HCl/Clj, metals, and 
PICs in the exhaust gas will be calculated and reported for each performance test 
run. 

• Computation of DRE - DRE will be calculated and reported for each designated 
POHC based on the total POHC in the waste feeds and the POHC mass emission 
measured in the stack gas. 

• Computation of HC1 removal efficiency - HC1 removal efficiency, based on the 
total organic chlorine in the waste feeds and the HC1 mass emission measured in 
the .stack gas, will be calculated and reported for each performance test run. 

• Computation of paniculate emissions - The concentration of paniculate in the 
exhaust gas, corrected to 7 percent 02, dry basis, will be calculated and reported 
for each performance test run. 

• Identification of fugitive emissions - The performance test report will include a 
discussion of fugitive emissions observed during the performance test. If 

By:  PO Performance Test Plan Area No.: 
Checked: PA ITPCE Area Name: All Areas 
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Table 17-9 

Surrogate Red Water Composition 
(15 percent solids in red water) 

Paramater  Weight Percent 

3,5-Dinitrobenzoic acid 7 8 Peroent 

Water 85 Percent 
Na2S03 2.6 Percent 
Na2S04 2.6 Percent 
NaN02 1.8 Percent 
NaN03  0.2 Percent 

KN/1585WP1585.179/03-06-95Ü4/E1 
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fugitive emissions are observed, how the fugitive emissions were brought under 
control or will be controlled in the future will be discussed. 

• Temperatures and combustion gas velocity - The performance test report will 
include a process parameter summary of the performance test operating condi- 
tions, including operating temperatures for the combustion chambers and the 
stack gas combustion gas velocity. 

• CEM measurement of CO, 02, and THC - CEM measurements of CO, C02, 02, 
THC, and NOx concentrations in the stack gas will be provided in the perfor- 
mance test report. Calibration records for the CEM monitors will also be 
included. 

• Other relevant performance test data - The performance test report will include 
an incineration system process parameters summary and other relevant data 
required by 40 CFR 264.102 and to demonstrate compliance with performance 
warranties. 

17.53.3 Proposed Permit Operating Conditions 
The proposed permit operating conditions are presented in Table 17-10. These values may be 
modified during the detailed design of the CBC or the performance test. 

Group A Parameters. The Group A parameters will be continuously monitored and inter- 
locked with the AWFCO. These parameters, except for the ones indicated, will be 
demonstrated during the performance test and, therefore, will be disconnected during the 
performance test. 

• Minimum CBC Temperature - The proposed mininniTn CBC temperature is pre- 
sented in Table 17-10. This value will be the average value demonstrated during 
Test 1, the low temperature DRE and PIC demonstration tests. 

• Maximum CBC Temperature - The proposed maximum CBC temperature is 
presented in Table 17-10. This value will be the average value demonstrated 
during Test 2, the high temperature metals emissions test 

• Combustion Chamber Pressure - To prevent fugitive emissions, the CBC will be 
maintained at a lower pressure than the value listed in Table 17-10. This value 
is based upon engineering judgement and will not be demonstrated during the 
performance test. 

By: PO Performance Test Plan Area No.: 
Checked:  PA 1TPCE Area Name:  All Areas 
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Table 17-10 

Proposed Permit Operating Conditions 

Parameter Operating Condition3 

Group A Parameters 

Minimum CBC temperature 

Maximum CBC temperature 

Maximum CBC pressure 

Maximum red water feed rate 

Maximum combustion gas velocity (10-minute rolling average) 

Maximum stack gas CO concentration (1-hour rolling average, dry basis, 
corrected to 7% oxygen) 

Group B Parameters 

POHC incinerability limits 

Maximum chlorine feed rate 

Maximum antimony feed rate 

Maximum arsenic feed rate 

Maximum barium feed rate 

Maximum beryllium feed rate 

Maximum cadmium feed rate 

Maximum chromium feed rate 

Maximum lead feed rate 

Maximum mercury feed rate 

Maximum silver feed rate 

Maximum thallium feed rate 

Group C Parameters 

Maximum combustion gas temperature after the quench 

fThe values given in this table are estimates that may vary during the actual trial 
ho be determined during the preparation of the Trial Burn Plan. 

1,500 F 

1,700°F 

-0.08 in. w.c. 

1.5 gpm 

3,450 acfm 

100 ppm 

To Be Determined1* 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

To Be Determined6 

450°F 

bum. 

KN/1585/WP158517.10/01 -12-95/D3/E0 



Table 17-11 

Air Pollution Control System Operating Ranges 

Parameter Typical Operating Range 

Combustion Gas Temperature After Quench 400-450°F 

Quench Water Flow Rate 2.0-3.1 gpm 

Quench Atomizing Air Row Rate 100-170 acfm 

Combustion Gas Velocity 2,500-3,450 acfm 

KN/1585/WP158517.11 /02-06-95/D2EO 
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• Red Water Feed Rate - The maximum red water feed rate is presented in Table 
17-10 and will be the maximum average value demonstrated during Test 1. 

• Combustion Gas Velocity - The proposed maximum combustion gas velocity is 
presented in Table 17-10. The combustion gas velocity is an indication of 
residence time in the CBC, which is related to DRE. Therefore, the maximum 
combustion gas velocity will be the maximum average value demonstrated 
during Test 1 of the performance test. A 10-minute rolling average is proposed 
for this value, to prevent spurious AWFCOs. 

• Stack Gas CO Concentration - The proposed maximum stack gas CO concentra- 
tion is presented in Table 17-10.  This permit limit will be a 1-hour rolling 
average, dry basis, and corrected to 7 percent 02. The maximum stack gas CO 
concentration will not be demonstrated during the performance test 

Group B Parameters. The Group B parameters will not be continuously monitored and 
will not be interlocked with the AWFCO system. Operating records will be maintained to 
demonstrate compliance with these permit limits. 

• POHC Incinerability Limits - The POHC incinerability limit will be based on the 
POHCs selected during the trial bum plan preparation. 

• Maximum Chlorine Feed Rate - The maximum feed rate of chlorine will be the 
average value demonstrated during Test 1, the low temperature DRE and PIC 
demonstration tests. 

• Metals Feed Rate - The maximum feed rate for antimony, arsenic, barium, beryl- 
lium, cadmium, chromium, lead, mercury, silver, and thallium will be determined 
during the preparation of the trial burn plan. 

Group C Parameters. The limits on Group C parameters are based on manufacturers' 
design and operating specifications. Group C parameters do not have to be continuously 
monitored and do not have to be connected to the AWFCO system. 

• Combustion Gas Temperature After the Quench - To protect the equipment after 
the quench, the maximum gas temperature after the quench will be limited to the 
value presented in Table 17-10. 

By: PO Performance Test Plan Area No.: 
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17.5.3.4 POHC Selection Rationale 
During the preparation the trial bum plan, the POHCs will be selected. 

17.5.3.5 Approach to Compliance with Metals Emission Limits 
During the preparation of the trial burn plan, the approach to demonstrating compliance with 
the metals emission limits will be prepared. 

17.5.4 Performance Test Organization and Responsibilities 
The performance test will be conducted by personnel who are experienced in testing hazard- 
ous waste incinerators. 

17.5.4.1 Incinerator Project Manager 
The incinerator project manager will be responsible for all operational aspects of the test. His 
responsibilities include: 

• Preparing the CBC for the performance test 

• Preparing waste feed materials for the performance test 

• Operating the CBC at planned test conditions 

• Providing all CBC process data as required by the performance test 

• Coordinating incinerator operation with the test team activities through com- 
munication with the performance test project manager 

• Acting as a liaison between the regulatory observers and the performance test 
manager. 

17.5.4.2 Performance Test Project Manager 
The performance test project manager will be responsible for implementing and coordinating 
all aspects of the performance test. His responsibilities during the project will include: 

• Implementing the performance test plan 

• Implementing the quality assurance project plan (QAPP) 

By: PO Performance Test Plan Area No.: 
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• Preparing and implementing a site H&S plan 

• Coordinating incinerator operations and test activities with facility operators and 
the sampling team 

• Monitoring incinerator operations to verify conformance with the performance 
test objectives. 

• Acting as the focal point for communications between the sampling team, CBC 
operating team, and regulatory observers during the execution of the performance 
test program 

• Deciding when a sampling run will be started, interrupted, or completed. 

17.5.4.3 Quality Assurance Officer 
The quality assurance officer's responsibilities during the performance test program will 
include: 

• Assisting in preparation and implementation of the QAPP 

• Providing independent data review, both operational and analytical 

• Making recommendations to the performance test project manager if problems 
are encountered 

• Verifying mat appropriate corrective actions are taken if any problems occur 

• Reporting, and discussing quality assurance/quality control (QA/QC) activities, 
data, and results for inclusion in the performance test report. 

17.5.4.4 Field Analytical Coordinator 
The field analytical coordinator reports to the performance test project manager with lines of 

communication to the QA officer. The field analytical coordinator's responsibilities will 
include: 

• Preparing and shipping sampling equipment, chemicals reagents, and containers 
to the test site 

• Assigning and recording sample numbers 

Bv: PO Perfonnance Test Plan Area No.: 
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• Directing and/or participating in sampling activities 

• Overseeing sample preservation in the field 

• Documenting sampling activities in a field logbook 

• Preparing samples for shipment to the laboratory 

• Carrying out assigned QA/QC duties 

• Preparing a complete sampling report for inclusion in the performance test 
report. 

17.5.4.5 Laboratory Analysis Coordinator 
The laboratory analysis coordinator reports to the performance test project manager with lines 
of communication to the QA officer. His responsibilities will include: 

• Coordinating specialized field sampling documentation (request for analysis 
forms, sample collection sheets, etc.) 

• Initiating chain-of-custody records 

• Receiving, verifying, and documenting that incoming field samples correspond to 
the chain-of-custody records 

• Maintaining records of incoming samples 

• Tracking samples through processing, analysis, and disposal 

• Preparing project-specific QC samples for analysis during the project 

• Verifying that laboratory QC and analytical procedures are being followed as 
specified in the QAPP 

• Reviewing QC and sample data and determining if additional samples or repeat 
analyses are needed 

• Submitting certified quality control and sample analysis results to the perfor- 
mance test project manager for all analyses requested for this test program 

• Archiving storage of analytical data 
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• Preparing a complete analytical report for inclusion in the performance test final 
report. 

17.5.4.6 Stack Sampling Coordinator 
The stack sampling coordinator duties will report to the performance test project manager and 
have lines of communication to the QA officer. The stack sampling coordinator's respon- 
sibilities will include: 

• Working with site personnel to obtain sampling locations and platform facilities 
that are appropriate for the planned stack sampling activities 

• Directing stack sampling activities 

• Coordinating stack sample beginning and ending times with the performance test 
project manager 

• Notifying the performance test project manager of any interruptions in the 
sampling activities and recommending corrective actions if necessary 

• Recording field test data required by the performance test plan 

• Recording and transferring all performance test and QC samples to the 
laboratory analysis coordinator or his designee 

• Preparing a thoroughly documented stack sampling report for inclusion into the 
final performance test report. 

17.6 Air Pollution Control Equipment Operation 
A complete description of the APCS equipment operation is presented in Section 2.7. The 
anticipated operating conditions during routine operation of the CBC are summarized in Table 

17-11. The system temperatures, flow rates, and pressure drops will vary over a normal range 
during routine operation, and these fluctuations are expected to occur during the performance 
test. 
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18.0 Bench-Scale Testing 

18.1 Overview and Summary of Key Findings 
Red water, a waste stream from die manufacture of TNT, contains between IS and 30 percent 

solids, of which about 45 percent are sodium salts and 55 percent are sulfonated derivatives 

of TNT isomers. It is anticipated that treatment of red water in circulating or fluid-bed 

combustors will result in a buildup of molten sodium on the bed material. This buildup will 

have a tendency to cause common bed materials such as silica sand to agglomerate. Molten 

sodium causes bed particles to agglomerate, which increases the effective particle size and 

decreases the fluidization and dampening of effectiveness of incineration, resulting ultimately 

in failure of system. 

This document presents the results of an initial treatability study using a surrogate red water 

solution, to further evaluate this potential problem. Actual red water, which is a RCRA- 

regulated hazardous waste, was not available for testing. Therefore, a laboratory prepared 

surrogate, which is not RCRA regulated, was used. 

The testing utilized a bench-scale, 4-inch fluid bed system.  The tests focused on agglom- 

eration tendencies of two bed materials using surrogate red water was prepared to simulate 

concentrations of 15 and 30 percent solids. In addition, the test data may be used to evaluate 

the combustion efficiency and the nitrogen oxide (NOx) and sulfur oxide (SOx) levels 

generated. 

The key findings of the tests are that the fluid bed agglomerated at a bed temperature of 745 

to 804°C (1373 to 1840°F) irrespective of the bed material; the bed material purge rate was 

maintained high to minimize salt concentration in the fluid bed; NOx generation indeed was 

high primarily due to the salt (sodium nitrate and sodium nitrite) present in the red water, 

limestone addition to the bed was not required due to the generation of low levels (sulfur 

dioxide (S02); carbon monoxide (CO) and total hydrocarbon (THC) concentrations reduced as 

the bed temperatures increased; and salt precipitation in the surrogate red water solution was a 

challenge. 
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18.2 Test Procedures and Observations 

18.2.1 Test Objectives 
The objective of these tests was to evaluate bed agglomeration associated with circulating bed 

incineration of red water.   Due to the presence of salts in the red water, a tendency for bed 
material to agglomerate may exist. Based on the study presented in Chapter 3.0, several 

materials were evaluated for their use in fluidized beds. These materials include alumina, 
zircon, clay, limestone, dolomite, gypsum, coal ash, and blast furnace slag. At this time, the 

two most promising bed materials are alumina and zircon sand with limestone as an additive 
for acid gas absorption. The test program evaluated agglomeration of sodium salts on these 
materials. 

18JL2 Waste Characteristics 
Because actual red water was not available for testing, a surrogate material was used for the 

test program. Several surrogate materials such as nitrobenzene, dinitrobenzene, and 3,5- 
dinitrobenzoic acid were considered as potential candidates. The primary criteria for the 

selection of the surrogate material are the toxichy of the material itself and the carbon to 
nitrogen dioxide (N02) (C:N02) ratio to be as close to 2,4,6-TNT, the primary component of 
the actual red water.  3,5-Dinitrobenzoic acid substituted for the 2,4,6-TNT because this 

material is the least toxic of all the materials considered and this compound has a C:N02 ratio 
of 2.3, which is the same for the 2,4,6-TNT. The components that were used to prepare the 
surrogate red water are listed in Table 18-1. The anticipated elemental composition of the 
surrogate red water is presented in Table 18-2. The average heating value of the red water 
and for the surrogate red water is 487 Btu/lb and 479 Btu/lb, respectively. 

A sufficient quantity of surrogate red water was prepared to allow 2 days of testing (8 

hours/day) at a feed rate of approximately 1.0 liter/hour. Two tests were conducted using 
surrogate red water with 15 percent solids, and two tests were to be conducted using surrogate 

red water with 30 percent solids. The 15 percent solids test case is the design basis for the 
pilot-scale unit and the 30 percent solids test case is the worst-case concentration from a salt 
concentration and thermal input view point. 
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Table 18-1 

Anticipated Composition of Two Surrogate Red Water Matrices 

Component 

Solids Concentration3 

15% Solids Matrix 30% Solids Matrix 

Water 85 70 

3,5-Dinitrobenzoic acid 7.8 15.7 

Sodium Sulfite 2.6 5.1 

Sodium Sulfate 2.6 5.1 

Sodium Nitrite 1.8 3.6 

Sodium Nitrate 0.2 0.5 

Total 100 100                    I 
aPercent by weight 

KN/1585/WP1585.181/07-06-95(138pm)/D6/El 
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Of the 15 percent solids, sodium salts accounted for 7.2 percent and the balance of 7.8 

percent was the surrogate compound, 3,5-dinitrobenzoic acid. Initially, a salt solution was 

prepared by dissolving known quantities of salts (refer to Tables 18-1 and 18-2 of test plan) 

in water. 

When the dinitrobenzoic acid was slowly added to the salt solution, in a stirred container, 

brownish colored fumes were generated. The brownish colored fumes are due to the 

formation of N02 due to the following reaction: 

NO^ + e ~ -> N02 t (brown) + H20 

To avoid fuming, dinitrobenzoic acid was neutralized externally by one normal caustic 

solution and the resultant solution was mixed with the salt solution. Neutralization of the 

benzoic acid solution prior to its blending with the salt solution produced the reaction below 

as evidenced by the lack of brown fumes: 

R-COOH + NaOH -+R-COO" Na+ + H20 

Although fuming was avoided, some undissolved salts precipitated at the bottom of the feed 

container. As the testing continued, the feed solution changed its color (from deep red to 

brown) upon exposure to ambient air and more salt precipitation occurred.  Due to the 

challenges discussed above, a solution containing 30 percent dissolved solids was not 

prepared. 

Red water is thought to derive its color from sulfonate adducts of the various trinitrotoluene 

isomers that are formed when sodium sulfite is added to the TNT during the purification 

processes. The sulfite reacts with the isomers of TNT (but not 2,4,6-TNT) and forms the 

sulfonate adducts that are easily separated from the process during product crystallization. 

The sulfonate compounds are sufficiently soluble to allow separation of them from 2,4,6-TNT 

with washings. Solutions of these washings are the sodium salts of the organic sulfonates and 

are characteristically red in color. This same red color is observed in the surrogate red water 

mixture used in the test. The color is apparently due to the formation of benzoic acid 

sulfonate. However, the red color formed initially upon mixing the components of the red 

water surrogate slowly degrades to a brown colored solution. The disappearance of the 
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characteristic red color indicates that the nitrosulfonate derivative has probably further reacted 

to form a sulfone and can probably be abated with the use of an elevated pH; 

/e-503" - Na +-> R-S02 i (brown or yellow) + NaOH 

This reaction scheme should be regarded as tentative, but will be useful in the continuing 
consideration of the testing of this mixture as an appropriate surrogate for red water. 

Because the presence of undissolved salts in the feed solution caused plugging problems in 

the feed tubing and increased agglomeration potential during testing, it is recommended that 

the actual red water containing no suspended salts be used during pilot-scale testing. 

182.3 Test Equipment 
The test unit (Drawing No. D-00-00-03) was a 4-inch-diameter, bench-scale, fluid-bed reactor 
which approximately simulates a CBC. The tests were conducted at Hazen Research facility 
at Golden, Colorado on February 22 and 23, 1995. The bench-scale combustor was an 

existing unit that has been used in several similar research efforts. This fluid bed combustor 
has been shown to be a reasonable simulation of a CBC unit. The exhaust gas passed 

through a cyclone and a bag house for particulate collection and into a caustic scrubber for 
acid gas capture. A slip stream of the exhaust gas was sent to a CEM unit for analysis of gas 

composition. Concentrations of 02, C02, CO, SOx, NOx, and THC were measured by the 
CEM. 

182.4 Feed/Ash/Stack Gas Sampling and Analysis Plan 
The surrogate red water was prepared using commercial-grade materials per the recipe 

presented in Table 18-1. Bed overflow (ash) samples were collected for particle size distribu- 
tion and sodium analyses. The bed material from each test was sampled and analyzed for 
mineralogy. The sample analysis and analysis procedures for the tests are presented in Table 
18-3. The stack gas was analyzed for 02, C02, CO, NOx, SOx, and THCs. Based on discus- 

sions in Chapter 3.0, NOx emissions may be high due to the conversion of "nitro" molecules 

into NOx. During the testing, the stack gas was observed for visible (brown to red color) 
NOx emissions. Table 18-4 presents the model numbers and ranges for the CEM analyzers. 
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Table 18-3 

Sample Analysis Procedures 

Sample Matrix Determination Procedure 

Surrogate Red Water Elemental Composition Mathematical Calculation3 

Fluid Bed Overflow Material Particle Size Distribution Sieve Screen Analysis 

Fluid Bed Overflow Material Sodium Content Flame Atomic Absorption 

Final Bed Material Mineralogy X-Ray Deffraction 

Offgas Og, C02> CO 
S02 

NOx 
THC 

EPA Method 3A 
EPA Method 6C 
EPA Method 7E 
EPA Method 25A 

aNote: The surrogate composition was calculated based on the recipe used for formulation. 
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Table 18-4 

Model Numbers and Ranges of Continuous Emissions Monitors 

Parameter Model Number Range (%) fjjpm] 

Oxygen Infrared Industries Model 2000 0to1 
0to10 
0to25 

Carbon Dioxide Infrared Industries 0to20 
0 to 100 

Carbon Monoxide Beckman Model 864 [0 to 500] 
[0 to 5,000] 

Sulfur Dioxide Thermo Electron Pulsed Fluorescence [0 to 50] 
Model 40 [0 to 100] 

[0 to 500] 
[0 to 1,000] 
[0 to 5,000] 

Nitrogen Oxides Beckman Model 951A [0 to 10] 
[0to25] 
[0 to 100] 
[0 to 250] 
[0 to 1,000] 
[0 to 2,500] 
10 to 10,000] 

Total Hydrocarbon Thermo Environmental [0 to 100] 
[0 to 1,000] 
[0 to 10,000] 

KN/1585/WP1585.184/D7-06-9S(139pmVDl/El 
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18.25 Test Plan and Test Discussion 
The tests were conducted at a solids concentration of 15 percent on each of the two selected 

bed materials. Aluminum oxide and zircon silicate were used as primary bed materials. 

After some initial testing, it was evident that the fluid bed incinerator could not be operated at 

870°C (1600°F) due to bed material agglomeration. The S02 generation was so low that the 

lime injection to the bed became unnecessary. 

During the first day of tests, all the tests were conducted using zirconia sand as the bed 

material. Base Case 1 (Table 18-5) was conducted at a bed temperature of 645°C (1193°F) 

using salt solution alone. Base Case 2 was conducted at test conditions same as in Base Case 

1, except surrogate solution was used. The NOx concentration for these cases were about the 

same while the CO, THC, and CGj concentrations were higher for Base Case 2 due to the 

combustion of the surrogate compound. The remaining tests were conducted using surrogate 

solution at increasing bed temperatures, the system operated well at bed temperature of 

692°C (1278°F) and 745°C (1373°F). During these testings, the bed purge rate was main- 

tained approximately the same as the bed feed rate to maintain a low salt concentration in the 

bed. The test results for the aforementioned tests are presented in Table 18-5. 

Daring the second day of tests, the tests were repeated using alumina as the bed material. 

The results were similar to ones with zirconia sand as the bed material.  Defluidization did 

not occur even at a bed temperature of 804°C (1480°F). The CO and THC concentrations 

were lower for alumina compared with zirconia sand as the bed material. Because alumina is 

lighter man zirconia sand, more bed material entrained causing better mixing of the solids 

with gases improving combustion conditions. The test results for these tests are presented in 
Table 18-6. 

18.3    Summary of the Test Results and Potential Impact on Conceptual Pilot- 
Plant Design 

18.3.1 Mass Balance Across the System 
The objective of the mass balance applied on the fluid bed was to reproduce test conditions 

and ascertain the accuracy of the test data. In addition, the mass balance allows the calcula- 
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tion of nonmeasured values, i.e., percent particle entrained in the combustion off-gas. Mass 

balance values for the steady-state operation are presented in Table 18-7. The operational 

data presented in Tables 18-5 and 18-6 were used in the mass balance. Among other 

parameters, the input of surrogate red water solution feed rate and composition, fhudization 

air rate were the starting point of the mass balance. 

The feed rates and the composition were used in the mass balance, and CEM values such as 

NOx, S02, CO, C02, and 02 were duplicated. Based on the values presented in Table 18-7, 

the calculated values agreed very closely with the CEM-measured values indicating a good 

mass balance closure for a short test. With a good mass balance, the values discussed in this 

report are considered reliable. 

18.ZJ2. Bed Agglomeration and Bed Material Purge 
Defluidization due to bed material agglomeration occurred for zirconia sand at a bed 

temperature of 772°C (1420°F) and for alumina at a bed temperature of greater than 804°C 

(1480°F), respectively. The premature agglomeration of the fluid bed was primarily due to 

the low melting point of salts. These molten salts provided a glue for the bed material 

particles to stick together forming balls of bed material causing defluidization. The agglomer- 

ation potential greatly increased due to the precipitation of additional salt in the surrogate red 

water solution upon its exposure to the ambient air. This observation was made firing the 2- 

day testing. 

The actual red water does not contain suspended salt particles. Therefore, it is recommended 

that the actual red water instead of surrogate red water solution be used during the pilot-scale 

testing to minimize agglomeration potential. Also, even if the balls of bed material are 

formed, a full-scale CBC will provide greater opportunity for additional break up of large 

agglomerates compared to a bench-scale fluid bed incinerator. 

The bed material purge rate was maintained approximately equal to the bed material feed rate 

to maintain a low (1 percent) salt concentration in the fluid bed to minimize agglomeration 

potential. This mode of operation may be uneconomical unless the purged solids are 

processed to remove salts and then recycled. 
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If the circulating bed operating temperature cannot be increased greater than 1480°F to avoid 

agglomeration of the bed, the solids and gas residence time in the CBC may have to be 

increased to more than 2 seconds to meet the DRE requirement of 99.99 for the surrogate 

material. 

18.3.3 NOx Generation 
The two sources of NOx during the tests were a) thermal decomposition of NaN02 NaN03 

and b) organic N2 present in die surrogate red water solution. The NOx formation was 

approximately the same when salt solution alone and surrogate solutions were incinerated. 

This result indicates that primarily the Na salts thermally decomposed to NOx and molten 

sodium while a fraction of 18 to 19.5 percent of the organic-nitrogen converted to NOx. 

based on the test results, the emission of NOx for the pilot unit will be 69 tons per year (refer 

to attached calculations), which is well below the 250 tons per year PSD limit for new 

sources; however, the limit is site-specific. 

18.3.4 S02 Generation 
Because the surrogate red water and bed material did not contain any elemental S, S02 

generation was due to the thermal decomposition of Na salts. At the incineration tempera- 

tures, during testing, NA Sulfites and Na Sulfates did not decompose to S02 significantly. 

The S02 formation was in the range of 2 to 3 parts per million (ppm), and therefore, 

limestone as an additive for acid gas absorption was not injected to the incinerator during 

testing. Based on the test results, the emission of S02 for the pilot unit will be 62 tons per 

year (refer to attached calculations). 

18.3.5 CO, CO £ and THC Concentrations in the Incinerator Off-Gases 
The only source of carbon in the surrogate red water solution was 3,5-dinitrobenzoic acid, the 

surrogate compound; no other feed material introduced to the fluid bed contained carbon 

source. The measured THC value and the presence of carbon in the bed and cyclone product 

(B&CP) indicate incomplete combustion of the carbon in the surrogate compound. For all the 

tests, the combustion efficiency was in the range of 98 to 99 percent The presence of fixed 

carbon in the B&CP may be due to the presence of molten sodium in the B&CP; localized 

pockets or balls of bed material coated with molten sodium may have produced inadequate 
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mixing in the fluid bed. Additionally, the absence of the dynamics of a veiy well mixed bed 

as present in a full-scale CBC also contributes to inefficient combustion. 

18.4 Conclusions 
The following conclusions were drawn based on the bench-scale fluid bed incineration testing 

using the surrogate red water 

• Defiuidization occurred due to agglomeration at a fluid bed temperature of 645 
to 804°C using zirconia sand and alumina as bed materials. The premature 
agglomeration of the fluid bed was primarily due to die melting of the low 
melting salts in the feed solution. Therefore, the importance of the bed material 
was not realized in the tests. An average salt concentration of less than 1 
percent should be maintained in the purged solids to avoid agglomeration. 

• Actual red water containing minimal to none salts precipitate be used instead of 
surrogate red water solution for the CBC pilot tests. 

• NOx generation was primarily due to the thermal decomposition of Na nitrites 
and nitrates while a small fraction of NOx was formed due to the surrogate 
compound. Based on the test results, the estimated emission of NOx for the 
pilot unit is 69 tons per year, which is well below the 250 tons per year PSD 
limit for new sources, but the limit is site specific. Percent organic N2 converted 
to NOx was in the range of 18 to 19.5 percent. 

• S02 formation was minimal at 2 to 3 ppm. At the incineration temperatures 
tested, Na sulfites and Na sulphates did not decompose into S02 significantly. 
Limestone injection as an additive for acid gas absorption was not required 
during testing. Based on the test results, the estimated emission of the SOz for 
the pilot unit will be 62 tons per year. 

• Despite the poor mixing of the bed solids and the incinerator off-gases due to 
agglomeration, the combustion efficiency for all the tests were in the range of 98 
to 99 percent. 
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19.0 HAZOP Analysis 

Introduction 
A hazard and operability study (HAZOP) was conducted of the proposed circulating bed 

combustor pilot facility to be initially installed at the RAAP facility in Radford, Virginia. 
The study was based on information depicted on process flow diagram D-00-10-001 REV A 
and preliminary process and instrument drawings (P&IDs) D-20-11-001,002 REV. A and D- 
50-11-001 REV. A. Additional information in this conceptual design report pertaining to the 
process operating procedures and controls were reviewed and used to develop recommen- 

dations for the study. Material and chemical hazards from red water and other feeds and 

byproducts were evaluated based on material safety data sheet information for 2,4,6-trinitro- 
toluene, sodium nitrite and sodium nitrate salt solutions, and aluminum oxide. 

Methodology 
A conventional HAZOP technique was used to identify potential modes of failure, describe 
the consequences of these failures, and determine existing design safeguards to prevent or 

mitigate the consequences. Additional safeguards are proposed where potential failures have 
a relatively likely chance to occur and few existing safeguards are present. These proposed 
recommendations are listed as action items in Table 19-1 of this report. Immediately 
following the action table, Table 19-2 is a detailed listing of the potential failure modes (such 
as high temperature) and potential consequences (i.e., damage to refractory) for each flow 
stream of the system. Safeguards, such as high temperature alarms that are interlocked to 
shut down the system, are listed in Table 19-2 for each failure mode. 

Study Recommendations 
There are 40 recommendations to eliminate or mitigate the consequences of potential failures 

due to control system failures, wear and tear, human error, malfunctioning equipment, and 
natural events such as freezing weather.  Control system failures amounted to 24 recommen- 

dations to consider providing additional monitoring of control parameters for system tempera- 

tures, flows, bed depth, and pH control.  Maintenance items accounted for nine recommen- 
dations to consider programs and procedures to inspect for leaks, develop added emergency 
plans and regulate operations of heavy equipment. Equipment failures accounted for three 
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LOCATION: Aberdeen Proving Ground, Maryland WP: WP1585.19 

recommendations, and human error and natural occurrences each accounted for two recom- 
mendations. 

The action items are to be reviewed by IT engineers and USAEC personnel to determine what 

changes in the design and operating procedures (if any) are required to satisfy the concerns or 
recommendations. The results of this study are incomplete until all of the 40 recommenda- 
tions have been addressed. Twenty of the recommendations are designated to be resolved by 
IT engineers and 20 are the joint responsibility of IT and USAEC personnel. To complete the 
HAZOP, all resulting decisions are to be entered in the status column of the action report. 
Because the project design is at a conceptual stage, completion of all action items will be 
deferred later in the project in the process design or detailed design stages. 
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